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In  attempting  to  determine  the  hardening  of  aerospace 
systems  to  a  nuclear  electromagnetic  pulse  (EMP)  environ¬ 
ment,  it  is  mandatory  to  perform  system  level  tests  using 
a  simulated  environment.  For  such  tests,  it  is  important 
that  the  electromaanetic  field  within  the  simulator  be 
comparable  to  the  EMP  threat,  in  order  to  ensure  a  reasonable 
amount  of  confidence  in  the  experimental  results.  There 
are  a  number  of  factors  which  influence  the  behavior  of 
the  simulated  electromagnetic  field  including  the  physical 
design  of  the  simulator  and  the  design  of  the  pulsers 
which  provide  the  transient  energy  to  the  simulator. 

Attention  is  focused  on  the  Marx  type  of  pulser 
as  installed  in  the  ATLAS  I  (TRESTLE)  facility. 

Individual  components  of  the  pulser  are  considered  for 
their  electromagnetic  properties,  with  the  goal  of  presenting 
curves  and  data  which  would  be  useful  for  improving  existing 
pulsers  or  fabricating  new  ones. 

Traditionally,  the  pulsers  for  EMP  simulators  have 
been  developed  and  built  by  researchers  and  practitioners 
of  the  science  of  high-voltage  engineering.  Like  any 
other  electrical  source,  a  pulser  delivers  maximum  energy 
into  a  matched  load.  In  the  present  situation,  the  load 
is  a  two-parallel-plate  transmission  line  type  of  EMP 
simulator,  with  a  nominal  input  impedance  that  is  dominated 
by  the  principal  TEM  mode  of  propagation.  Although  the 
simulator  viewed  as  a  transmission  line  can  and  does  support 
non-TEM  modes  (e.g.,  TMg^  mode  propagation  in  the  ALECS 
facility) ,  the  input  impedance  of  the  simulator  is  still 
mainly  governed  by  the  TEM  wave  because  the  non-TEM  modes 
(TE  or  TM)  are  evanescent  near  both  ends  of  the  simulator. 
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So  fortunately,  the  load  into  which  the  pulser  delivers 
transient  energy  is  a  quantity  that  is  known  fairly  accurately 
and  it  is  mainly  resistive.  For  example,  ATLAS  I 
(TRESTLE)  facility  has  a  principal  TEM  characteristic 
impedance  of  150  fi.  By  replacing  the  simulator 

per  se  with  a  predominantly  resistive  load,  one  can  begin 
to  focus  attention  on  the  various  pulser  components. 

In  general,  the  performance  characteristics  (e.g., 

TEM,  TE,  TM  modes  in  cylindrical  and  conical  regions, 
field  mapping,  terminator  effectiveness)  of  the  simulator 
proper  is  much  better  known  (Ref.l)  than  the  performance  character¬ 
istics  of  the  pulse  generator.  Some  of  the  pulse  power 
issues  relating  to  the  electromagnetic  aspects  of  pulsers 
are  long  standing  and  have  been  identified  (Ref.  2).  Appendix  A 
of  Reference  2  contains  a  problem  list  relating 
to  pulser  design,  nearly  all  of  which  remain  to  be  addressed. 

With  regards  to  the  availability  of  pulser  test  results, 
they  tend  to  be  scattered  in  reports  written  by  the  manufac¬ 
turers  of  the  pulse  generator  and  not  readily  accessible. 

Some  sample  pulser  output  waveforms  as  measured  in  the 
PTF  were  reproduced  in  Reference  3  and  used  in  estimating  the 
transient  electric  field  waveform  in  the  working  volume 
of  ATLAS  I  (TRESTLE)  facility.  The  10  to  90%  rise  time 
*"10-9  0  typically  in  the  vicinity  of  20  ns.  It  is 

noted  that  some  of  the  relations  between  various  rise 
time  definitions  have  been  worked  out  by  Castillo  et  al.(Ref.  4). 
Some  of  the  environmental  improvements  in  the  working 
volume  of  ATLAS  I  (TRESTLE)  facility,  derivable  from  potential 
pulser  improvements  (e.g.,  reducing  the  rise  time  by  a 
factor  of  0.5,  0.25)  were  considered  in  Reference  5. 

Subsequently,  the  pulse  power  related  problems  list  of  Reference 
2  was  selectively  updated  in  Reference  6  and  the  two 
important  problem  areas  are:  (  a)  electromagnetic  optimization 
of  the  switch  geometry  and  (b)  electromagnetic  optimization 
of  the  relative  orientation  or  positioning  of  Marx  and 
peaking  capacitor  arms. 


Under  the  present  effort,  these  two  problems 
relating  to  pulser  design  are  addressed  in  detail.  It 
is  emphasized  that  by  no  means  all  of  the  pulse  power 
issues  have  been  resolved  and  many  research  studies 
combined  with  engineering  modifications  remain  to  be  done. 

In  Section  II  ,  the  electrical  characteristics  of  the 
Marx  pulser  as  installed  in  the  ATLAS  I  (TRESTLE)  facility 
is  reviewed.  The  monocone  switch  impedance  and  ways  of 
increasing  it  to  provide  better  wave  transport  properties 
are  considered  in  Section  III.  Section  IV  deals  with 
the  peaker  arm  optimization  study,  resulting  in  design 
tables  which  enable  one  to  determine  the  optimum  positions 
of  a  given  number  of  Np  of  peaking  capacitor  arms.  This 
optimization,  based  on  the  method  of  conformal  transformation, 
does  not,  however,  indicate  what  the  optimum  value  of  Np 
should  be.  In  Section  V,  a  simple  2-wire 
coupled  transmission  line  model  is  developed,  and  typical 
pulser  oputput  waveforms  are  computed  for  step  function 
inputs  for  varying  values  of  Np.  These  waveforms  provide 
a  means  of  selecting  an  optimum  number  of  peakers. 

It  is  observed  that,  although  the  two  important  problems 
of  switch  geometry  and  peaker  arm  optimization  are  considered 
here,  several  other  related  issues  remain  for  future  and 
on-going  efforts.  Keeping  this  in  mind.  Section  VI  lists 
a  number  of  recommendations  for  future  analytical  and 
experimental  studies.  The  report  is  concluded  with  a 
list  of  references  and  two  relevant  appendices  from  previously 
published  work,  for  the  sake  of  completeness. 
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II.  REVIEW  OF  ELECTRICAL  CHARACTERISTICS  OF  THE 
MARX  PULSER  IN  ATLAS  I  (TRESTLE)  FACILITY 

The  ATLAS  I  or  TRESTLE  pulser  consists  of  two  5  MV  pulser 
modules.  One  is  mounted  on  each  side  of  the  ground  plane  wedge 
(GPW)  of  the  simulator  facility.  The  pulser  modules  are  charged 
to  opposite  polarities  and  when  fired  launch  an  electromagnetic 
wave  into  the  conic  transition  on  each  side  of  the  GPW.  When 
the  wave  propagates  to  the  end  of  the  GPW  the  two  waves  add 
across  the  parallel  plate  section  of  the  simulator  to  provide 
the  appropriate  EMP  environment  in  the  working  volume. 

The  two  pulser  modules  are  identical  electrically  and 
for  the  purposes  of  this  report  the  characteristics  of  one 
module  will  be  discussed.  When  considering  only  one  module 
the  simulator  is  also  split  at  the  plane  of  symmetry  and  the 
pulser  module  evaluated  in  terms  of  driving  a  150  fi  transmis¬ 
sion  line. 

With  the  exception  of  one  analysis  effort  that  was  started 
on  the  peaking  capacitors  and  not  completed,  all  information 
that  exists  on  the  pulser  modules  has  been  published  in  the 
form  of  reports  and/or  drawings.  All  of  the  available  reports 
and  drawings  have  been  reviewed  for  content  that  would  be  of 
value  toward  future  analysis  of  the  electrical  and  electromag¬ 
netic  characteristics  of  the  pulser  module.  It  is  not  the 
intent  of  this  report  to  duplicate  the  existing  data  and  docu¬ 
mentation  except  where  necessary  for  a  point  of  discussion. 

The  reports  that  were  reviewed  are  listed  in  Section  II 
and  a  general  discussion  of  their  content  presented. 

In  general,  some  work  and  analysis  have  been  accomplished 
in  the  past  towards  identifying  the  cause  of  existing  performance 
problems.  Most  of  the  past  efforts  have  approached  the  problem 
by  evaluating  circuit  models  or  using  empirical  testing.  A 
thorough  and  comprehensive  analysis  of  the  pulser  module  as 
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an  electromagnetic  structure  has  not  been  accomplished.  This 
type  of  analysis  is  needed  to  determine  what  improvement  could 
be  expected  by  various  modifications  to  the  modules. 

1 .  Review  of  Available  Documentation 

Available  documentation  covers  the  original  design  of 
the  pulser  modules,  testing  of  the  prototype,  and  the  manu¬ 
factured  configuration  of  the  hardware. 

DESIGN 

Only  two  reports  are  available  which  are  related  to  the 
final  design  of  the  pulser  modules.  Both  reports  contain  infor¬ 
mation  that  is  of  value  toward  electromagnetic  analysis  of  the 
pulser  module. 

The  MLR-294 ,  dated  30  April  1975,  was  the  final  design 
analysis  report  covering  the  pulser  modules.  Section  3  of 
the  report  covers  the  pulser  modules  but  only  pages  3-1  through 
3-21  may  be  of  value  in  support  of  electromagnetic  analysis. 

Table  3-1,  page  3-5,  lists  the  key  electrical  parameters  of 
the  pulser  module.  This  table  is  repeated  in  Table  1  of  this 
report  for  easy  reference.  Item  19  of  this  table  was  the  calcu¬ 
lated  rise  time  of  the  original  bicone  output  switch.  This 
switch  was  replaced  with  a  monocone  with  an  impedance  of 

88  n. 

The  BDM/A-27-75  dated  11  March  1975  covers  an  equivalent 
circuit  model  of  the  pulser  module  for  analysis.  The 
circuit  model  was  extensive  and  distributed  to  more  closely 
approximate  the  real  case.  Many  parameters  of  the  model  were 
varied  and  the  predicted  performance  compared  with  actual  per¬ 
formance  measured  from  the  prototype  pulser  module  in  the  Pulser 
Test  Fixture  (PTF) .  The  agreement  between  predicted  and  measured 


TABLE  1 

PULSER  MODULE  ELECTRICAL  PARAMETERS 


1. 


2. 


3. 


4  . 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


Marx  Voltage  (N  x  V  ) 

Module  Voltane 
Module  Capacitance 
Module  Enercry  Storage 
Number  of  Marx  Stages  (N) 

Capacitance  per  Stage 

Energy  per  Stace 

Maximum  Stacre  Voltages 

Module  Impedance 

Marx  Generator  Inductance 

Total  Peakina  Circuit  Inductance 

Peak  Current 

Charge  Transfer  per  Switch 

Number  of  Peaking  Capacitor  Assemblies 

Total  Peakina  Canacitance 
(including  strays) 

Ratio  of  Marx  Capacitance  to  Peakina 
Capacitance 

Peaking  Capacitor  Open  Circuit 
Ring  Period 

Output  Switch  Closed  on  Rise  of  Peakina 
Capacitor  Waveform  at 

Output  Switch  Risetime  10-90% 

(into  125  fi) 
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5.05  MV 
5  MV  Nominal 
3.17  nF 

40.4  kJ 

50.5 

0.160  uF 
800  J 
100  kV 
150  Q 
5.05  uH 
9.4  uH 
36.1  kA 
0.016  C 
4 

345pF 

9:1 

339  ns 

91  ns 

7.3  ns 


20.  Prepulse 


27  % 


performance  appears  to  be  fair.  The  results  given 

for  varying  the  peaking  capacitance  may  be  misleading  (Page 

IV-38,  Para.  2.2.3).  Point  capacitors  were  used  in  the  model 

based  on  an  earlier  test  of  point  capacitors  versus  distributed 

capacitors  for  the  Marx  capacitors.  In  this  case,  however, 

the  high  frequency  performance  of  the  module  is  strongly  dependent 

on  the  characteristics  of  the  peaking  capacitors.  In  the  real 

case  the  peaking  capacitors  are  made  of  windings  that  look 

like  short  transmission  lines  at  high  frequencies  and  can  severely 

attenuate  some  frequencies.  Not  including  this  into  the  circuit 

model  may  result  in  predicting  better  performance  than  can 

be  realized.  While  this  type  of  circuit  model  is  of  value 

for  predicting  electrical  performance  of  a  circuit,  it  does 

not  predict  electromagnetic  performance  very  well.  There  are 

reflection  and  diffraction  points  in  the  module  geometry  that 

have  a  strong  influence  on  high  frequency  performance  that 

the  circuit  model  analysis  does  not  evaluate. 

The  MLR- 48 3 ,  dated  November  1975,  reports  the  results  of  the 
prototype  pulser  module  testing  in  the  PTF .  The  report  includes 
test  results  with  oscillograms  for  the  entire  test  program. 

The  performance  measured  in  the  PTF  is  representative  of  what 
can  be  expected  from  the  pulser  modules  in  ATLAS  I  (TRESTLE) 
facility.  The  PTF  introduced  some  problems  due  to  geometry 
that  will  not  be  present  in  the  horizontal  simulator.  The 
diffraction  points  where  the  prototype  attached  to  the  ground 
plane  and  transmission  line  in  the  PTF  will  be  different  in 
the  horizontal  simulator.  The  point  on  the  ground  plane  will 
be  eliminated  and  the  angle  where  the  output  transition  connects 
to  the  transmission  line  will  be  reduced.  These  differences 
should  result  in  slightly  better  high  frequency  performance 
of  the  pulser  module  in  the  ATLAS  I  (TRESTLE)  facility. 

Appendix  D  of  this  report  covers  what  was  called  "Low 
Voltage  Spring  Tests." 


The  low  voltage  tests  evaluated  the  pulser  geometry  with 
the  output  switch  and  peaking  capacitor  simulated  using 
metal  conductors.  The  reflection  and  diffraction  points  within 
the  geometry  were  clearly  visible  in  the  test  data.  Tests  were 
accomplished  with  both  the  bicone  and  monocone  output  switch 
(Appendix  B) . 

In  addition,  another  series  of  reports  called  TRETMS 
exist,  which  provide  some  information  that  is  of  value  in 
further  electromagnetic  analysis.  The  TRETMS  were  TRESTLE 
technical  memorandum  used  to  document  specific  proDlems 
and  tests  and  analysis  efforts  during  the  design  and  test 
of  the  pulser  modules.  Those  TRETMS  of  specific  interest 
are: 

Number  3  -  Calculations  of  Circuit  Values  and  Prepulse. 

This  TRETM  analyzes  the  difference  between  the  amount 
of  prepulse  predicted  in  the  initial  design  calculations  and 
that  actually  measured  from  the  prototype  pulse  module  during 
PTF  testing. 

Number  5  -  Qualitative  Comparison  Between  the  Bicone  and  Monocone 
Output  Switches  with  Respect  to  Ref lections  and 
Diffractions  that  May  Decide  Risetime  Performance. 

This  TRETM  defines  the  two  switch  geometries  and  identifies 
the  discontinuities  that  can  cause  rise  time  degradation. 

Number  11  -  Experimental  Investigation  to  Provide  Test  Data  For 
Analyzing  the  Electrical  Characteristics  of  the 
TRESTLE  Peaking  Capacitors. 

This  TRETM  provides  a  significant  amount  of  data  on  the  per¬ 
formance  of  the  peaking  capacitors  in  a  transmission  line  over 
the  frequency  range  of  0.1  to  110  MHz.  The  data  shows  a  severe 
attenuation  of  frequencies  at  about  13  MHz  and  67  MHz. 


Number  12  -  Analysis  of  TRESTLE  Peaking  Capacitors  Over  the 
Frequency  Range  of  .1  to  110  MHz. 

This  TRETM  was  not  completed  due  to  the  author  dropping 
out  of  the  program  as  a  result  of  an  accident.  However,  the 
work  that  was  done  is  included  as  Appendix  A  of  this  report. 

Number  13  -  Experimental  Investigation  of  Output  Waveform  Notch. 

This  TRETM  presents  data  from  a  series  of  peaking  capacitor 
configurations  on  the  prototype  pulser.  These  tests  were  accom¬ 
plished  to  assess  the  possibility  of  reducing  the  notch  after 
peak  on  the  output  waveform  by  reconfiguring  the  peaking  capacitors. 

Number  16  -  Analysis  of  the  Experimental  Data  Concerning  the 
Waveform  Notch. 

This  TRETM  evaluates  the  results  of  the  tests  reported 
in  TRETM  Number  13. 

The  TRETM s  not  mentioned  previously  deal  with  areas  not  related 
to  electrical  performance  and  would  be  of  no  value  toward  electro¬ 
magnetic  analysis. 

In  addition  to  the  documentation  discussed,  a  complete 
set  of  drawings  is  available  at  the  simulator  facility.  These 
drawings  document  the  physical  configuration  of  the  pulser 
modules  and  the  geometry  of  the  interface  with  the  ATLAS  I 
(TRESTLE)  facility. 
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HI.  A  STUDY  OF  THE  MONOCONE  SWITCH 


In  Section  II,  the  results  of  a  review  of  the  electrical 
characteristics  of  the  various  components  of  Marx  type  of  EMP 
pulse  generator  was  reported.  This  served  the  purpose  of 
identifying  and  to  some  extent,  documenting  the  salient 
features  and  the  electrical  parameters  of  various  pulser 
components.  This  seciton  will  review  the  switch  assembly 
and  present  the  monocone  switch  analysis,  in  a  self-contained 
format . 

It  is  well  known  that  the  ATLAS  I  or  TRESTLE  pulser 
consists  of  two  5  MV  pulser  modules,  mounted  on  each  side 
of  the  ground  plane  wedge.  It  is  immediately  seen  that 
the  base  of  the  pulser  takes  the  form  of  a  monocone  over  a 
ground  plane.  Furthermore,  the  entire  pulser  assembly, 
including  the  Marx,  the  peakers  and  the  switch  is  effectively 
a  section  of  transmission  line  that  guides  the  simulation 
pulse.  A  necessary  but  not  sufficient  requirement, therefore , 
is  that  every  individual  section  of  this  transmission  line 
must  have  the  same  characteristic  impedance.  This  is  a 
primary  criterion  for  minimizing  the  reflections  in  the 
simulation  process,  even  before  any  test  object  is  introduced 
in  the  working  volume.  Other  considerations  include  ensuring 
minimal  field  discontinuities  between  adjacent  pulser  sections, 
as  well  as  minimizing  the  back  radiated,  and  consequently 
wasted,  energy,  in  some  instances,  it  may  be  impossible 
to  meet  these  requirements  because  of  mechanical  or  practical 
constraints.  However,  attempts  must  be  made  to  minimze 
impedance  and  field  discontinuities,  so  that  the  pulser 
can  propagate  and  launch  a  simulation  pulse  with  tolerable 
amounts  of  ringing  and  wasted  energy.  Attention  will 
be  focused  on  the  impedance  matching. 
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Related,  relevant  work  in  the  past  was  reported 
in  Reference  7.  They  have  produced  quantitative 

data  on  the  TEM  characteristic  impedance  Zc  of  a  tilted 
monocone,  the  EM  field  distribution  over  spherical  wave- 
fronts,  and  certain  upper  bounds  on  the  back  radiated  energy 
from  the  cone.  Zc  has  been  computed  essentially  by  the 
method  of  stereogranhic  projection  (Refs.  8  &  9)  which  reduces  the 
3-dimensional  Laolace  equation  over  a  snherical  surface  to 
the  usual  2-dimensional  form.  The  computations  are  for  a 
tilted  monocone  on  a  flat  horizontal  ground  plane.  A 
later  section  will  address  the  utility  of  the  reported 
results  to  the  present  case  of  the  monocone  at  the  base  of 
the  Marx  pulser  in  ATLAS  I  or  TRESTLE  facility.  Before  dis¬ 
cussing  the  issue  of  monocone  impedance,  the  following  sub¬ 
section  contains  a  physical  description  of  the  monocone 
switch  as  it  is  presently  configured  in  the  simulator. 

1 .  Physical  Description  of  the  Monocone  Switch 

Historically,  the  earlier  design  of  the  pulser  included 
a  bicone  output  switch.  At  the  time  of  testing  in  the 
PTF,  the  rise  time  measured  was  three  to  four  times 
longer  than  what  was  predicted  for  the  bicone.  After  some 
additional  testing  and  analysis,  it  was  concluded  that  the 
rise  time  was  dearaded  because  of  the  bicone  switch  geometry 
and  ,hence  ,a  monocone  switch  was  designed  so  that  it  can  be 
housed  in  the  same  fiberglass  housing. 

The  monocone  switch  design  is  shown  in  Figure  1,  and 
it  consists  of  a  single  cone  over  a  ground  plane  forming  a 
monocone  antenna.  The  half  cone  angle  is  20°,  which  when  used 
in 

Zc  =  (cot  (8/2) 1  (1) 
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gives  a  characteristic  impedance  of  104  In 

Equation  (1) ,  which  is  well-known  (Ref.  10) . 

Z  =  free  scacs  characteristic  imDedance  =  120  n  ft 
o 

6  =  half  anale  of  the  monocone 

Although,  the  monocone  is  immersed  in  an  SF,  medium,  the 

D 

electrical  parameters  (£c„  =  €  ;  cc„  -  0)  are  similar  to 

6  °  bI-6 

that  of  free  soace .  This  104  ft  cone  uses  a  modified  edge/plane 
spark  gap  geometry  and  the  switch  pressure  can  be  varied  from  0 
psig  to  150  psig ,  but  in  practice  it  is  held  constant  at  100  psig. 
The  switch  electrode  extension  can  range  from  -0.09m  to  +  0.045m, 
whereas  the  switch  gap  itself  has  a  range  of  0.075m  to  0.12m.  The 
monocone  switch  electrode  is  electrically  in  contact  with,  and 
mechanically  attached  to  the  Marx  generator  and  the  peaking 
caoacitor  arms.  The  transition  between  the  switch  and  the 
Marx/pulser  assemblies  is  sketched  in  Figure  2.  From  a 
cursory  examination  of  this  transition,  it  is  observed  that 
even  if  one  has  ar.  impedance  match  at  this  transition,  the 
field  mismatch  can  he  Quite  large.  However,  as  was  indicated 
earlier,  the  subject  of  field  matching  is  postponed  until  a 
satisfactory  transmission  line  model  is  developed  and  analyzed 
for  the  central  ^arx  column  and  the  peaker  arms  above  a  ground 
plane.  For  the  oresent,  we  consider  the  impedance  related 
issues  and  ways  of  improving  the  impedance  matching;  i.e., 
how  to  get  the  cone  impedance  to  approximately  equal  150  ft. 

2.  Monocone  Impedance 


A  tilted  monocone  shown  in  Figure  3  was  analyzed  in 
Reference  7for  its  'HSM  wave  propagation  characteristics. 
With  reference  to  the  figure,  6  is  the  half  cone  angle  and 
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Schematic  of  the  transition  between  the 
output  switch  and  the  Marx  generator. 


a  denotes  the  anqle  made  by  the  cone  axis  with  the  ground 
plane.  A  pair  of  rectangular  (x,y,z)  and  spherical  (r,9,<j>) 
coordinate  system  is  also  illustrated.  This  structure  is  a 
radial  transmission  line  and, hence, its  mpM  characteristics 
are  determined  by  solving  a  surface  Laplace  equation  over  a 
spherical  surface  orthogonal  to  the  direction  of  wave  propa¬ 
gation.  By  using  a  method  of  stereogranhic  projection, 
Reference  7  derives  the  characteristic  impedance  of  such 
a  structure  to  be 


Z 


(tilted) 

c 


(2) 


It  is  seen  that,  in  the  case  of  no  tilt,  i.e.,  a  =  90°, 
equation  (2)  reduces  to 

Z 

Zc  ~  2T  arccosh  [esc  (2)] 


CSC 


(6)  + 


(3) 


1 


Z 

=  2~  £r  [esc  (8)  +  cot  (8)] 


7 

2'|  £n  [cot  (8/2)  ]  (3) 


and  this  expression  is  consistent  with  earlier  Equation  (1). 

In  Reference  7  the  result  for  the  given  by  Equation  (2) 

is  graphically  plotted  in  Figure  4,  and  several  observations 
can  be  made  from  this  figure,  and  they  are: 

(a)  for  an  untilted  cone  (i.e.,  a  =  70°),  one  requires  a 
half  angle  8  of  the  monocone  to  be  <  10° ,  in  order  to  obtain 
a  characteristic  impedance  of  about  150  n, 

(b)  for  a  qiven  half  angle  6  of  the  monocone,  the  largest 
value  of  the  characteristic  impedance  is  obtained  if  the  cone 
axis  is  normal  to  the  ground  plane. 
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(c)  same  characteristic  impedance  value  can  be  obtained 
for  different  sets  of  a  and  6  values;  for  example,  100  ft 
impedance  can  be  obtained  for  [a  =  14°,  8  =  5°]  or  [a  =  28°, 

S  =  10°]  or  [a  =  46°,  6  =  15°],  etc. 

The  last  observation  (c)  can  have  an  impact  on 
the  field  matching  considerations  at  the  transition  or  inter¬ 
face  between  the  switch  and  the  Marx  column.  However,  obser¬ 
vation  (b)  is  more  informative  and  can  be  exploited  in  prac¬ 
tice,  by  avoiding  the  tilt  and  getting  the  highest  impedance 
value  for  practical  8  values.  There  are  two  conflicting 
requirements  here, because  it  is  meaningful  to  tilt  the  mono¬ 
cone  so  that  it  lines  up  better  with  the  axis  of  the  Marx 
column  and  thus  reducing  the  field  mismatch.  But  Figure  4 
shows  that  tiltina  the  cone  (i.e.,  a  <  90°)  reduces  the 
impedance,  thus  requiring  smaller  and  smaller  cone  angles. 

One  way  of  resolvina  this  would  be  to  include  local  ground 
plane  variations.  This  will  be  discussed  in  further  detail 
later  in  Section  III. 


Another  criterion  is  minimizing  the  back-radiated  energy. 
Once  again,  the  formula  for  the  fractional  back-radiated 
power  is  available  in  Reference  7  and  is  given  by 


p. 


Cos 

(S) 

-  cos  (a)  cos 

(9hn 

(1/2) In 

cos 

w 

-  cos  (?)  cos 

<V 

arccosh [ sin (a) /sin ( 8) ] 


(4) 


where 

=  power  radiated  in  the  cone  between  9=0^  and  0=it 
Pfc  =  total  radiated  power 

Considering  9^  =  r/2  and  for  reasonable  values  of  a  and  6, 
this  Equation  (4)  estimates  the  back  radiations  of  the  order 
of  20%. 
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To  summarize,  the  physical  quantities  of  importance 
relating  to  the  conical  base  of  the  simulator  are(a)  the 
characteristic  impedance ,( b)  the  fields  at  the  switch/ 

Marx  column  and  switch/peaker  interface,  and(c)  the  back 
radiated  energy.  Although  all  these  three  parameters  and 
ways  of  optimizing  their  values  are  all  interrelated  (e.g., 
varying  8  would  affect  all  three  of  this  quantities) ,  it 
is  fair  to  state  that  the  most  important  parameter  to 
optimize  is  the  impedance. 

3 .  Interfacing  with  Marx  and  Peakers 

In  Figure  2 ;  a  schematic  diagram  of  the  transition 
between  the  outpuc  switch  and  the  Marx/Peaker  columns 
was  shown.  This  transition  made  of  electrically  inductive  and 
mechanically  thin  interconnections  is  a  source  of  impedance 
as  well  as  field  discontinuities.  If  the  impedance  of 
the  switch  is  brought  up  to  150  ft,  then  the  problem  would 
involve  matchina  the  transverse  field  distribution  or 
at  least,  allowing  for  the  fields  to  vary  gradually. 

Such  engineering  modifications  as  replacing  the  thin 
interconnecting  wire  by  appropriately  shaped  sheet  metal 
or  metalized  fiberglass,  should  be  a  priority  item  for 
consideration . 

4 .  Recommendations 

The  purpose  of  this  paragraph  is  to  propose  modifica¬ 
tions  to  the  existing  design  configuration  of  the  mono¬ 
cone  output  switch  at  the  base  of  the  Marx  pulser  in  the 
ATLAS  I  or  TRESTLE  facility,  with  a  view  of  improving  the 
pulser  performance.  Four  modifications  are  proposed  and 
are  individually  discussed. 

(a)  Change  of  the  Half  Cone  Angle  8 

When  the  change  was  made  in  1974  from  the  bicone  to 
the  monocone  switch  configuration,  due  to  budgetary  and 
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other  considerations,  it  was  decided  to  continue  using  the 
same  switch  housing.  This  switch  housing,  however,  con¬ 
sists  of  a  steel  dome,  whereas  the  housing  itself  is  made 
of  fiberglass.  Since  the  dome  is  metallic,  it  had  to  be  of 
a  certain  minimum  diameter  to  support  the  field  levels. 

This  minimum  diameter  leads  one  to  the  20°  value  for  the 
half  cone  angle,  thus  resulting  in  a  smaller  characteristic 
impedance  value  than  desirable.  Budgetary  and  other  consider¬ 
ations  aside,  serious  consideration  should  be  given  to 
fabricating  a  new  switch  housing  with  a  fiberglass  dome  that 
can  support  the  internal  pressure  as  well,  and  with  a  cone 

half  angle  of  about  10°,  the  desired  impedance  can  be 
achieved.  This, of  course, would  be  the  ideal  solution. 

(b)  Ground  Plane  Variations 

The  switch  cone,  with  its  axis  normal  to  the  ground 
plane  wedge  makes  a  sharp  angle  with  the  remainder  of  the 
pulser  leading  to  field  mismatching  at  the  interface.  This 
calls  for  sloping  the  switch  cone  so  as  to  make  its  field 
distribution  better  match  that  on  the  Marx  column  and  peak- 
er  arms.  As  was  earlier  pointed  out,  mere  tilting  or  slop¬ 
ing  of  the  cone  reduces  the  already  low  value  of  the  character¬ 
istic  impedance.  One  way  around  this  problem  would  be  to 
introduce  or  attach  a  second  ground  plane  to  the  existing 
ground  plane  wedge.  The  cone  axis  can  be  maintained  to  be 
orthogonal  to  this  tilted  plane.  This  is  schematically  shown 
in  Figure  5,  which  also  includes  a  local  shaping  of  the  ground 
plane  in  the  form  of  a  hump  .  The  shaping  is  such  that, 
locally  the  electric  field  lines, normal  to  the  tilted  ground 
plane,  are  denser  resulting  in  a  higher  impedance.  This 
method  could  make  use  of  the  existing  switch  housing,  but 
has  an  artificially  increased  value  for  the  characteristic 
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impedance.  One  ccuid  also  attempt  non  circular  cross  sections 
for  the  cones,  but  a  detailed  theoretical  solution  for  other 
shapes  of  the  switch  does  not  appear  to  be  warranted  at  this 
time,  since  such  attempts  are  best  made  in  a  controlled  lab¬ 
oratory  environment  initially. 

( c)  Laboratory  Experiments 

If  proposed  modification  (a)  is  discarded  or  found  im¬ 
practical  for  any  reason,  the  next  best  alternative  would  be 
to  consider  local  ground  plane  variations.  Because  of  the 
irregular  shapes  of  possible  ground  planes  and,  also  with  a 
view  of  avoiding  extensive  numerical  computations,  it  is 
suggested  that  impedances  of  monocones  over  locally  varying 
ground  planes  be  measured  in  a  laboratory.  This  would  con¬ 
sist  of  appropriately  driving  the  cone  against  the  ground 
plane  and  making  a  TDR  measurement  of  the  impedance.  Once 
the  experimental  set  up  and  the  measurement  procedure  is 
tested,  a  wide  variety  of  local  variations  in  the  ground 
plane  can  be  attempted. 

It  is  to  be  emphasized  that  this  method  of  ground  plane 
variations  has  an  inherent  risk  of  improving  the  characteris¬ 
tic  impedance  at  the  very  early  times,  but  degrading  it  at 
later  times  because  of  the  introduction  of  additional  dif¬ 
fracting  surfaces.  Hence,  the  need  for  careful  and  extensive 
experimental  trials . 

(  d)  Switch  Transition 

The  transition  geometry  along  with  the  low  switch 
impedance  is  the  most  serious  area  with  respect  to  rise 
time  degradation.  Fortunately,  this  area  is  also  the  easiest 
part  of  the  problem  to  model.  It  is  proposed  that  a  one- 
fifth  scale  model  with  sufficiently  long  transmission  line 
to  provide  a  15  or  20  ns  measurement  cleartime  be  built. 

With  such  a  model  and  carefully  thought  out  experiments,  the 
transition  geometry  can  be  optimized  reasonably  fast. 


IV.  PEAKER  ARM  OPTIMIZATION 


The  Marx  type  of  pulser  under  consideration  incorpor¬ 
ates  several  (-  four  in  the  case  of  ATLAS  I  (TRESTLE) 
facility)  peaking  capacitor  arms  as  part  of  its  electro¬ 
magnetic  configuration,  in  delivering  transient  energy 
to  the  EMP  simulator  proper.  The  particular  facility 
of  interest,  ATLAS  I  (TRESTLE),  consists  of  a  two-parallel- 
plate  transmission  line  in  the  central  region,  with  a 
wave  launcher  and  a  wave  receptor  on  either  side.  The 
launcher  and  receptor  conical  transmission  lines  are  formed 
by  triangular  shaped  plates.  While  the  wave  receptor 
or  the  output  conic  section  is  terminated  by  a  load  impedance, 
the  wave  launcher  or  the  input  conic  is  driven  by  the 
electromagnetic  energy  source.  Such  a  functional  division 
of  the  facility  is  sketched  in  Figure  6  (Ref.  6). 

The  electromagnetic  energy  source  employed  in  the 
ATLAS  I  (TRESTLE)  facility  is  a  pair  of  Marx  type  of  pulse 
generators,  rated  nominally  for  a  peak  voltage  of  5  MV 
each.  A  side  view  of  a  Marx  pulser  module  configuration 
is  shown  in  Figure  7.  This  configuration  consists  mainly 
of  the  central  Marx  column,  the  surrounding  peaking  capacitor 
arms  and  the  monocone  output  switch  at  the  base  of  the 
ground  plane  wedge.  Each  of  these  pulser  elements  has 
a  key  function  in  the  wave  transport  and  launching.  In 
this  section,  attention  is  focused  on  the  peaker  arm  optimi¬ 
zation,  making  certain  approximations;  e.g.,  treating 
the  Marx  and  the  peaker  arms  as  cylindrical  conductors, 
with  appropriate  line  constants.  Specifically  after  a 
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brief  physical  description  of  the  peaker  arms  in  Section  IV 
we  formulate  a  multiconductor  transmission- line  model 


for  the  case  of  Np  number  of  peakers  along  with  the 
central  Marx  column,  above  a  ground  plane.  This  formulation 
is  the  subject  of  Section  IV.  Next,  the  optimum 

location  of  these  peakers  is  sought.  The  constraints 
and  approximations  leading  to  a  2-wire  model  are  described 
in  Section  IV.  Conformal  transformation  of  the  physical 
plane  into  a  complex  potential  plane,  as  described  in 
Section  IV  leads  to  the  optimum  location  of  the  given 
Np  peakers.  In  t^e  concluding  Section  IV,  representative 
numerical  results  are  presented. 

1 .  Peaking  Capacitor  Arm  Description 

The  peaking  capacitor  arms  used  in  Marx  pulser  modules 
serve  a  two-fold  function  of  masking  the  inductance  of 
the  Marx  generator  and  providing  a  peaking  element  to 
aid  in  achieving  a  fast  rise  time  pulse  into  a  transmission 
line  type  of  EMP  simulator.  For  example,  the  electrical 
parameters  of  the  peaking  capacitor  arms  in  the  pulser 
module  of  the  ATLAS  I  facility  are  listed  below. 


TABLE  2* 

ELECTRICAL  PARAMETERS  OF  PEAKER 

ARMS 

1) 

Number  of  Peaking  Capacitor 

Arm  Assemblies 

4 

2) 

Total  Peaking  Capacitance 
(including  strays) 

345 

pF 

3) 

Ratio  of  Marx  to  Peaking 
Capacitance 

9  tc 

)  1 

4) 

Peaking  Capacitor  Open  Circuit 

Ring  Period 

339 

ns 

★ 

This  Table  and  the  material  relating  to  the  physical  description 
of  the  peakers  are  to  be  found  in  detail  in  Maxwell  Laboratory 
Reports  #170  of  April  1972  and  #294  of  April  1975. 


The  individual  capacitors  used  to  make  up  the  peaking 
capacitor  assemblies  are  similar  to  those  used  in  the 
TORUS  system. 

The  individual  capacitors  were  designed  to  operate  at 
550  kV.  Therefore,  a  series  string  of  nine  were  required 
to  bridge  the  5  MV  Marx  generator.  Four  peaking  capacitor 
assemblies  are  in  parallel  across  the  Marx  generator.  Thus, 
the  number  of  units  in  series,  Ns,  is  9;  and  the  number  in 

parallel,  N  ,  is  4. 

P 

The  peaking  capacitor  assembly  is  the  same  length  as  the 
Marx  and  the  voltage  grading  approximately  the  same  at  full 
voltage.  Very  similar  voltage  gradients  were  used  in  the 
TORUS  generator,  where  no  flashover  problems  were  encountered. 
The  peaking  capacitor  assemblies  in  ATLAS  I  (TRESTLE)  facility 
are  approximately  0.3  m  from  the  Marx  generator  at  the  closest 
point,  and  the  entire  system  is  operated  in  an  SFg  environment. 
The  SFg  environment  permits  relatively  close  positioning  of 
Marx  and  peakers.  However,  it  should  be  pointed  out  that 
flashover  between  Marx  and  peakers  have  occasionally  occurred. 

The  peaking  capacitor  arm  assembly  is  shown  in  Figure  8. 

Each  arm  consists  of  a  fiberglass  angle  support,  nine  550  kV 
peaking  capacitors,  with  PVC  supports  and  a  corona  ring  at 
the  end.  A  single  unit  peaking  capacitor  is  described  below. 

The  unit  capacitor  has  a  plastic  case  (5  cm  x  10  cm  x 
47  cm)  or  (2  inch  x  4  inch  x  18.5  inch)  with  electrical 
terminations  at  opposite  ends  and  in  the  center  of  the 
5  cm  x  10  cm  end  plates,  as  shown  in  Figures  9  and  10.  The 
terminations  are  designed  to  be  mounted  in  a  dielectric 
angle  support  to  form  a  peaking  capacitor  assembly  of 
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Seventy  flattened  capacitor  pads  are  electrically 
connected  in  series  to  provide  606  pF  at  550  kVDC  as  a 
unit  capacitor.  The  pad  voltage  of  7143  V  is  impressed 
on  a  composition  multilayer  dielectric  of  three  layers 
of  0.00025  in  Kraft  capacitor  tissue  and  two  layers 
of  0.00075  in  Mylar,  resulting  in  a  dynamic  dielectric 
stress  of  2005  V/m  on  the  tissue  3760  V/m  on  the  Mylar. 
Some  of  the  characteristics  of  the  unit  peaking  capacitor 
are  listed  below. 


TABLE  3 

CHARACTERISTICS  OF  UNIT* 

PEAKER  CAPACITOR 

1)  Capacitance 

(606  ±  10%)  nF 

2)  Voltacre 

550  kVIX  ,  pulse 

charge 

3)  Inductance 

300  nH 

4)  Voltage  reversal 

20%  max 

5)  Temperature  range 

( a)  operating 

+  14°  F  to  113°  F 

(  b)  storage 

-  40°  F  to  113°  F 

6)  Weight 

%  7.75  lbs 

* 

Recall  that  there  are  4  peaker  arms  in  parallel, 
each  of  which  has  9  unit  peaker  capacitors  in  series. 


Note:  1)  The  above  rating  applies  to  a  unit  peaking  capacitor 

operated  in  a  pulse  charge  mode,  while  immersed  in 
an  SFg  dielectric  gas  environment  of  14-15  psia. 

2)  Performance  rating  with  respect  to  frequency  are 
unavailable . 


The  capacitor  elements  are  convolutely  wound  pads, 
laid  in  tab-type  construction,  with  both  tabs  projecting 
from  the  ends  of  the  windings,  then  bent  back  on  opposite 
sides  of  the  flattened  pad  to  provide  double  contact 
to  the  tabs  of  adjacent  pads.  This  design  provides 
double  contact  area  in  the  interpad  connection,  equalizes 
the  pressure  over  the  pad  flattened  area,  and  removes 
cut  tab  ends  from  the  active  area  of  the  dielectric, 
thus  preventing  possible  failure  from  sharp  edges  of 
the  cut  tab. 

The  stacked  pads  are  held  in  compression  in  a  frame 
made  of  four  tension  rods  of  polycarbonate  plastic  threaded 
into  an  epoxy-fiberglass  pressure  plate  floating  below 
a  top  plate  held  in  position  by  four  plastic  nuts  threaded 
on  the  tension  rods.  Pressure  adjustments  after  assembly 
and  vacuum  drying  are  accomplished  by  means  of  a  plastic 
screw  threaded  through  the  top  frame  plate  and  bearing 
on  the  center  point  of  the  pressure  plate. 

The  case  of  the  peaking  capacitor  is  in  the  shape 
of  an  open  end  tube  of  0.032  in  fiberglass-epoxy. 

The  assembly  of  70  pads  stacked  in  the  frames  is 

positioned  inside  the  case  by  the  shape  of  the  end  plates 
and  spacers,  the  dimensions  of  the  plates  and  spacers 
conforming  to  the  shape  of  the  case.  The  end  plates 
are  secured  to  the  case  by  10  plastic  screws  in  each 
end  and  sealed  by  filled  epoxy  cement  coating  the  interstices 
between  the  plates  and  the  case  inner  wall. 

In  the  manufacturing  process  for  the  peaking  capacitor, 
the  operation  of  removing  moisture  and  impregnation 
with  oil  is  succeeded  by  a  third  step — encapsulation. 

The  vacuum  drying  under  heat  and  impregnation  with  oil 
is  carried  out  in  much  the  same  manner  as  conventional 
capacitors.  After  impregnation  and  soaking,  however, 
residual  oil  is  drained  from  the  case,  under  controlled 
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conditions,  a  hard  vacuum  is  pulled  to  remove  entrapped 
gas,  and  an  encapsulant  is  introduced  under  vacuum  to 
completely  fill  the  space  inside  the  case.  After  poly¬ 
merization  of  the  encapsulant,  the  result  is  that  the 
capacitive  elements  are  impregnated  with  a  dielectric 
oil,  they  are  encased  in  a  resilient  coating  of  encapsulant 
of  high  dielectric  strength  and  excellent  moisture  resistance, 
the  whole  being  protected  by  the  plastic  case,  which 
provides  a  rigid  support  for  the  electrodes  and  precise 
dimensions  for  assembly  into  the  peaking  tubes. 

From  the  above  physical  description  of  the  peaker 
arm  assemblies,  one  has  to  make  simplifying  approximations, 
to  pursue  desicm  studies.  One  such  approximation  is 
to  idealize  the  peaker  arms  and  the  Marx  column  by  perfectly 
conducting  circular  cylinders  with  finite  radii.  One 
of  the  consequences  of  this  assumption  is  in  computing 
the  characteristic  impedance  of  the  peaker  array.  However, 
even  approximating  the  peakers  and  Marx  column  by  line 
currents  has  led  to  useful  results  with  less  than  10%  error 
estimates  (Ref.  7).  In  view  of  this,  the  present  approxi¬ 
mation  has  even  less  of  an  impact  on  the  accuracy  of 
calculations . 

2.  Multiconductor  Transmission-Line  Model  of  Peakers 
and  Marx 


An  important  problem  (Ref.  2)  for  which  design  curves  are 
already  available  (Ref.  7)  is  the  4  peaker  arm  configuration 
sketched  in  Figure  11.  The  problem  is  to  determine  the 
relationship  between  x^ ,  y.^  ,  x2,  and  y2  by  including  the 
images  of  all  conductors.  The  criteria  in  obtaining  this 
relationship  are: 

(a)  During  the  peaker  charge  cycle,  i.e.,  before  the  output 
switch  fires,  the  return  current  flows  in  the  Marx.  With 
reference  to  Figure  11,  2  (I1  +  I2)  =  IM  and  one 
is  required  to  null  the  magnetic  flux  between 


the  two  peakers  in  the  first  quadrant,  to  avoid  different 
voltages  on  the  peaker  arms. 

(b)  During  the  discharge  cycle,  i  :e.,  after  the  output 
switch  fires,  the  return  current  flows  in  the  ground  plane 
(or,  equivalently,  in  the  image  conductors).  With  reference 
to  Figure  11,  for  no  net  flux  between  peakers  the  Marx 
current  Iw  should  be  =  0.  In  reality,  it  nearlv 
vanishes  limited  by  the  Marx  inductance. 


While  satisfying  the  above  two  criteria,  the  relation¬ 
ship  between  x^,  y^,  x2,  and  y2  falls  out  and  the  computa¬ 
tions  have  been  reported  in  Reference  7.  One  of  their  figures 
is  reproduced  here  for  the  sake  of  completeness,  in  Figure  12. 
It  is  noted  that  symmetry  about  the  y  axis  is  maintained 
in  the  solution.  The  Figure  12  gives  the  possible  locations 
for  the  second  arm  (x2/h,  y2/h) »  for  a  given  location  of 
the  first  arm  (x^/h,  y^/h)  so  that  the  null-flux  conditions 
are  met. 

However,  it  is  not  obvious  if  indeed  four  is  the  optimum 
number  of  peakers.  In  an  attempt  to  improve  upon  the  avail¬ 
able  data,  let  us  extend  the  above  cited  work  to  a  general 
case  of  Np  peaker  arms.  It  now  suffices  to  seek  the  optimum 
location  of  the  given  Np  peakers.  With  reference  *•<■>  Figures 
13  and  14,  a  distinction  is  made  between  the  two  cases  of 
N_  even  and  ND  odd.  The  peakers  have  a  radius  of  r  and 
the  central  Marx  dolumn  centered  at  (0,1)  in  the  transverse 
x-y  plane,  has  a  radius  of  r^.  In  Figure  13,  the  Marx 
conductor  returns  a  current  1^  and  each  of  the  Np  peakers 
is  carrying  a  current  equal  to  Ip/N.  The  ordering  of  peakers 
is  done  in  a  counterclockwise  sense,  so  that  as  Np->-ro,  the 
peaker  numbering  is  continuous. 
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Return  current  flow  in  the  image  conductors 
after  the  output  switch  fires,  for  the  case 
of  Nn  even  with  M  =  N„/2  corresponding  to 


We  note,  because  of  symmetry 

(a)  for  Np  even  (Figure  13a) 

Xn  =  "XNp  -  n+1 '  ^n  =  %  -  n+1 

for  n  =  1 ,  2  .  .  .  .  Np  (5) 

(b)  for  Np  odd  (Figure  13b) 


for  n  =  1 ,  2 ,  .  .  .  .  Nn  (6) 

In  addition,  the  peaker  arm  numbered  N  is  centered  at  (0,y  ) 

on  the  y  axis. 

It  is  assumed  that  the  given  or  known  parameters  are 
r  ,  r„,  Nn,  and  the  load  impedance  representing  the  simu- 

p  M  ir 

lator  ZT  (e.g.  ,  150  2)  .  The  given  system  is  formed  by  Np 
conductors  (Np  peakers  and  the  Marx)  and  a  reference  conductor. 
Let  the  voltages  and  the  currents  on  the  Np+  1  conductors 
be  denoted  by  and  I  .  They  are  related  by 
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In  a  shorthand  matrix  notation 
as 


(7)  can  be  written 


<V  -  <zc  1  (V  18 

n  ,m 

It  is  convenient  to  define  a  dimensionless  geometric  factor 

matrix  (f  )  as  follows 
g 

^n  ,m 
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n  ,m 
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Z 
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(fg  } 

yn  ,m 


(9) 


In  this  notation,  the  inductance  per  unit  length  (L1 

and  the  elastance  per  unit  length  (C1  )  1  matrices 

n  ,m 

the  (Np+2 )  conductor  systems  are  given  by 


n  ,m* 
for 


(L' 


n  ,m 
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(fg  > 
^n,m 


(C'  ) 

n  ,m 
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if-’  'fg  ' 

o  ’n  ,m 
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From  purely  geometrical  considerations,  after  making  a  thin 
wire  or  rotational  symmetry  approximation,  one  can  write 
down  the  elements  of  the  geometric  factor  matrix  as  [11] , 


for  n#m 


where 

yn  =  height  of  the  n1"*1  peaker  arm  above  ground  plane 

d  _  =  distance  between  the  centers  of  the  n  and 
n,m  . 

the  m  peaker  arm 

*  th 

d_  _  =  distance  between  the  centers  of  the  n  image 

n  ,m  th 

peaker  arm  and  the  m  peaker  arm 
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The  remaining  matrix  elements  are  given  by 

* 

f  =  f-  in  I  -3 - - —  =  f 

gn,N  +1  \dn,N„+l  /  %„+l,n 


for  n  =  1 ,  2  ....  N 


(14) 


by  reciprocating,  and  lastly 

f  =  T~  ln  l  F1  \ 

gNp+l,Np+l  2,7  \rM/ 


(15) 


Also,  note  that  because  of  symmetry  relationship  of  Equation 
(5)  for  the  Np  even  case,  we  have 

f  =  f  ;  for  n  =  1,  2  ....  N  (16) 

gn,n  gNp-n+l ,N  -n+1 


f  =  f  ;  for  n,m  =  1,  2  ....  N_ 

g  g  '  '  P 

^n,m  ^n.m 


(17) 


Recalling  the  criteria  for  determining  the  optimum  peaker 
arm  locations,  we  have 

(a)  during  the  charge  cycle 

Marx  current  1^  =  sum  of  all  peaker  arm  currents 

-  Np  X  (Ip/Np) =  Ip  (IS) 

This  condition  of  Equation  (17)  amounts  to  equal  peaker 
repsonse  from  Marx  or  vice  versa  by  reciprocity.  If  current 
IM  is  injected  into  the  Marx  conductor,  it  should  lead  to 
equal  peaker  currents  and,  consquently,  Equation  (7)  becomes 


In  the  above  Equation  (19) , 


2  =2  =  constant  2^'^ 

cn,Np+i.  CNp  +  l,n  c 


(20) 


which  implies 


f 

gn,Np+l 


f 

gNp+l,n’ 


f  (P,M) 

g 


(say) 


(21) 


(b)  After  the  output  switch  fires; 

After  the  main  switch  fires,  Marx  current  begins  to  fall 
off  governed  by  its  RLC  time  constant  and  the  return  current 
flows  through  the  image  peakers  or,  equivalently,  the  ground 
plane.  It  is  desirable  to  have  a  uniform  wave  propagating 
on  the  peaker  arms,  i.e.,  equal  voltages  on  all  of  the  Np 
peaker  arms  resulting  in  equal  current  flowing  through  the 
peaker  conductors.  If  such  a  uniformity  is  achieved,  the 
charge  per  unit  length  on  all  of  the  peakers  will  also 
be  uniform,  resulting  in  uniform  surface  electric  fields, 
by  setting  the  Marx  current  I  equal  to  zero  and  uniform 
peaker  voltages  and  currents,  we  require 
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This  formally  completes  a  description  of  the  formu¬ 
lation  of  the  general  case  of  Np  peakers  along  with  a  Marx 
conductor  above  a  ground  plane,  while  invoking  the  theory 
of  multiconductor  transmission  line.  In  the  following  section, 
we  seek  a  way  of  reducing  this  system  to  a  simpler  two- 
conductor  model  which  is  more  easily  amenable  to  calculations. 

3 .  Constraints  in  Multiconductor  Model  Leading  to 
Two-Conductor  Model 

It  would  be  desirable  to  represent  the  Np  number  of 
peakers  by  a  single  effective  conductor.  This  effective 
peaker  along  with  the  central  Marx  conductor  forms  a  coupled 
transmission  line,  as  illustrated  in  Figure  15.  The  advan¬ 
tage  of  such  a  model  will  be  demonstrated  as  follows  and 
later,  a  simpleminded  procedure  to  obtain  the  equivalent 
single  peaker  arm  will  be  proposed.  With  reference  to  Figure 
15,  the  transmission  line  equations  are 


ii  <V 


dz 


-s(L'  )  • 

n  ,m  n 


-s  (C '  >  •  $_) 

n  /in  n 


(24) 


leading  to 


— ~2  $n>  -  (Y_  J2  $_)  =  0 
dz2  n  n'm  n 


(25) 


with  (y  )  =  s /  (L '  ) •  (C '  )  and  the  primes  indicate  per- 

n,m  n,m  n,m 

unit-length  parameters. 

Since  additional  inductance  of  Marx  (L')  is,  in  effect, 

m 

like  having  a  dielectric  coating  around  the  Marx,  one 
expects  the  two  modes  of  propagation  in  the  model  problem 
of  Figure  15  to  travel  with  different  velocities  of 
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Figure  15.  Coupled  transmission  line  model  fo 
and  a  single  peaker  arm. 


r 


propagation,  v^  and  v A  knowledge  of  these  velocities 
and  corresponding  transit  times  is  significant  in  the  process 
of  optimizing  the  number  and  distribution  of  peaker  arms. 

We  have 


/4i 

L12  \ 

/C 'll 

C1 2  \ 

(L  •  )  =  I 

1  (C*  )  = 

n,m'  1 
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One  can  show 


(L '  _) 
n  ,m 


(C'  ) 

n  ,m 
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(6  +e 
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if  L'  =  0 
m 

if  L'  *  ° 
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(27) 


where  (6  )  is  the  unit  diagonal  matrix  and  the  error 

n  /in 

matrix  (£„  )  is  given  by 

n  f  m 


where 

A  5  determinant  =  (L^  L^2  “  L21^ 


(23) 


(29) 


Now,  the  two  velocities  of  propagation  are  given  by 
v±  =  (c//X~)  for  i  »  1,2  where  the  two  X's  are  the  eigen¬ 
values  of  (6n>m  +  znm),  given  by 


j 


! 


48 


i 


det  (5  +  e  -  5  )  =  0 

n  ,m  n  ,m  3  ri/rn 


det  (5  ( 1  - X  „ )  +  £  )  =  0 

n  f  n\  n 


0 


det 


=  0 


'21 


1  +  “22  "  X3 


(30) 


which  leads  to 


Xj  =  1  and  \2  =  d+e22^  = 


Thus,  the  two  velocities  are 


•(w 


(31) 


v^  =  c  and  v 2  =  c, 


1  + 


L '  L ' 
m  11 


(L11  L22  “  L12  L21J 


(32) 


If  i  is  the  total  length  of  the  Marx  or  peaker  arms,  the 
difference  in  the  transit  time  for  the  two  waves  is  therefore 


l  (v -  -v„) 

At  =  U/v,)  -  U/v  )  =  — i — — 

12 


(33) 


At  this  stage,  one  can  estimate  the  above  quantities  ( X ^ , 

A 2 ,  v  ,  v  ,  and  At)  by  substituting  for  the  per-unit-length 
parameters.  Furthermore,  the  two  conductor  model  as  shown 
in  Figure  15b  can  also  be  analyzed  in  a  straight  forward  manner 
for  the  voltage  across  the  load  V^ft),  which  is  the  pulser 
output  waveform  for  an  assumed  step  function  at  the  input. 

The  actual  computational  results  are  presented  in  later  sections. 
From  earlier  considerations  of  equal  peaker  potential,  we 
are  constrained  to  place  the  peakers  on  an  equipotential  surface 
caused  by  a  voltage  on  the  Marx  column  with  respect  to  the 
ground  plane. 
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Returning  to  the  question  of  how  to  choose  an  effective 

peaker  conductor,  a  simple  minded  way  is  to  choose  a  conductor 

whose  f  is  the  average  of  f  for  n  =  1,  ...  Np ,  and  place 

g  gn,n 

this  conductor  on  the  same  equipotential  as  the  Np  peakers, 
centered  on  the  y  axis.  The  averaging  process,  then  determines 
the  radius  of  the  effective  peaker  arm.  For  example 


(a)  say 


there  are  Np  peakers 


f 

gef  f 


leading  to 


(34) 


(35) 


(36) 


(37) 


Since  yg  is  determined  by  the  particular  equipotential  surface 
being  used,  Equation  (37)  is  useful  in  determining  the  effective 
radius  of  the  equivalent  peaker  arm.  This  completes  the  des¬ 
cription  of  the  two-conductor  model  formulation. 
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4. 


Optimal  Positioning  Based  on  Conformal  Transformation 
We  shall  first  establish  the  impedance  and  the  complex 
potential  distribution  of  the  Marx  conductor  above  the  ground 
plane.  The  results  for  this  classical  problem  are  available  (Refs 
.9  and  10)  in  the  literature.  For  a  line  conductor  centered 
at  (0,1)  in  the  physical  z  (=x+jy)  plane,  as  shown  in  Figure 
16a,  the  complex  potential  is  given  by 

w  =  u  +  jv  =  2j  arccot(z)  =  In  ^  J  (38) 

This  corresponds  to  equal  and  opposite  line  charges  at  (x,y) 

=  (0,  ±  1) .  The  equipotentials  and  magnetic  field  lines  are 
given  by  constant  u  and  the  electric  field  lines  by  constant 
v.  These  contours  of  constant  u  and  v  are  easily  computed 
from  the  transformation  as  shown  plotted  in  Figure  16a.  The 
transformed  or  the  complex  potential  w-plane  is  sketched  in 
Figure  16b.  Also  note  that  the  pulse  impedance  * ZL ,  of  the 
transmission  line  is  related  to  the  wave  impedance,  Z  by 


ZT  =  f  Z 
L  g 


(39) 


where  f^  is  a  dimensionless  geometric  factor, 
is  given  by 


This  factor 


f  =  2ud/2n  (40) 

where  2ud  is  the  potential  difference  between  two  wires  and 
2tt  is  the  charge  in  v  for  a  path  circling  one  wire.  This 
can  also  be  observed  in  Figure  16b  where  the  change  in  v  around 
a  conductor  is  seen  to  be  2 17. 

If  all  the  Np  peakers  are  required  to  be  at  the  same 
potential  u=uQ,  this  implies  that  the  peaker  arms  are  located 
on  u=Uq  line  between  v  =  ±  tt  .  This  is  indicated  in  Figure  17 
for  several  values  of  Np.  The  two  conditions  during  charge  and 
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discharge  cycle  also  implies  that  the  peakers  be  located  at 
physical  locations  on  the  constant  potential  surface  such 
that  the  incremental  change  in  v,  between  any  two  adjacent 
peakers  is  the  same.  To  summarize,  the  peakers  have  to  be 
located  on  constant  u  line  but  equally  spaced  in  v-sense. 

For  example,  if  one  starts  with  Np  number  of  peakers,  the 
procuedure  to  find  their  optimum  locations  is  as  follows: 

(a)  choose  Marx  center  as  (0,+l)  in  the  z-plane 

(b)  choose  peaker  to  ground  plane  impedance  say 
150  .".(for  ATLAS  I  or  TRESTLE  facility)  giving 
f  =  150  fc/377 

(c)  choose  the  number  Np  and  radius  rp  of  peakers, 

(d)  determine  the  new  fpg  because  of  the  number  Np 
of  peakers.  (Note  that  a  planar  approximation 
is  adequate  (Ref.  11),  especially  for  Np  ^  4) 

(e)  on  the  new  equipotential  corresponding  to  fpQ, 
specify  any  one  peaker  center,  say  it  is  at  vQ 

(f)  then  the  remainder  are  at  Vg+(2!In/Np) 

Some  representative  calculations,  based  on  this 
procedure  for  the  case  of  Np  =  6,7,8  are  presented  in  the 

following  section, 

5 .  Numerical  Results 

In  this  paragraph,  we  shall  illustrate  the  process  of  obtaining 
the  peaker  arm  locations,  by  considering  four  numerical  examples. 
Specifically,  the  three  chosen  values  of  Np  are  6,7,8.  At 
this  point,  the  optimum  choice  for  Np,  itself  is  unknown. 

The  question  of  how  to  select  an  optimum  Np  will  be  addressed 
in  Section  V,  where  sample  pulser  output  waveforms  for  step 
excitations  are  computed.  Having  been  given  a  number  Np, 
the  following  steps  enable  one  to  obtain  their  location. 


All  linear  dimensions  are  normalized  such  that  the  Marx 
center  is  at  a  height  of  unit  distance  above  the  ground  plane. 

In  this  normalization  scheme,  the  radius  of  the  Marx  conductor 
is  about  0.2  and  the  following  calculations  are  appropraite 
at  a  certain  cross  section  in  the  transmission  lines  formed 
by  Marx/peaker  systems.  For  each  of  the  three  cases  considered 
(Np  6,7,8),  all  the  peakers  have  initially  a  radius  of 

0.02.  However,  the  peakers  are  then  replaced  by  a  single  equiva¬ 
lent  peaker  conductor  with  an  effective  radius  of  ag  and  centered  at 

(0,y  ).  The  relevant  equations,  from  earlier  sections,  are  reprc- 
ducecl  below. 


initial  geometric  factor;  f  =  Z^/Zq 


with  a  corresponding  initial  equipotential  contour  u=Uq 
change  in  fp  due  to  inter-peaker  effects;  Afp  =  A/(2Npd) 


where,  A  5  incremental  equipotential  change  =  ^  l n  j 


(41) 

(42) 

(43) 


2d  =  spacing  between  peakers 
iterated  value  of  fpl  -  fp  +  Afp  =  fp  + 

with  its  corresponding  new  equipotential  u1=(uQ+Au) 


(44) 


(45) 


Note  that  the  peaker  locations  are  uniquely  specified 
if  one  determines  the  v  for  n  =  1,2,...N_  when  v  is  the 
imaginary  part  of  the  complex  potential  w  =  u+jv.  Mathe¬ 
matically,  locating  that  peaker  arms  in  their  optimum  posi¬ 
tions  becomes  one  of  finding  the  unknown  v's.  Each  v  on 

n  n 

the  new  equipotential  surface  u^ ,  corresponds  to  a  set  of 
values  for  (xn,yn)  which  are  the  locations  of  peaker  centers. 

The  numerical  results  are  shown  in  Table  4  where,  the 
two  conductor  model  is  obtained  for  each  of  the  three  values 
of  Np.  Equations  (41)  to  (45)  are  used  in  computing  the 
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parameters  fp,  uQ,  ifp,  Au,  fpl  and  u^  These  parameters 

are  straightforward  to  get.  However,  the  last  two  columns 

of  TABLE  4,  namely  the  parameters  (ae,yg)  of  the  equivalent 

peaker  conductor  shown  in  Figure  18,  are  somewhat  involved 

and  they  are  obtained  graphically  from  Figure  16a.  Knowing 

the  new  value  u1  of  the  equipotential ,  yg  is  easily  read  off 

the  graph  as  the  point  where  u  =  u ^intersects  the  y  axis. 

Then  on  this  u  =  u,  surface,  n  number  of  v  ' s  are  chosen  ac- 

1  P  n 

cording  to 


vn  =  vQ  +  (2II/Np)  n  =  1 , 2 .  .  .  Np 


Note  that  because  of  rotational  symmetry,  Vq  is  somewhat  ar¬ 
bitrary.  In  other  words,  once  one  of  the  peaker  locations 
is  selected,  the  remaining  (Np-1>  are  located  uniquely  accord¬ 
ing  to  Equation  (46)  . 

yn's  are  read  from  the  graph  corresponding  to  each  vn< 

The  effective  radius  ag  of  the  equivalent  peaker  is  then 
determined  from  Equation  (37)  reproduced  below 

/NP  \l/N 

ae  =  rP  (47) 


where  rp  =  radius  of  Np  peakers  =  0.02  for  the  present. 

in  the  following  Section  V,  the  two-conductor  model 
computed  here  will  be  used  in  obtaining  sample  output  wave¬ 
forms.  It  is  also  noted  that,  in  the  actual  situation  at 
ATLAS  I  (TRESTLE)  facility,  the  four  peaker  arms  are  not 
located  in  their  optimum  positions  on  an  equipotential  surface. 
It  is  expected  that  computations  for  reorienting  the  existing 
peakers,  using  the  considerations  outlined  in  this  report  will 
be  done  in  a  future  effort. 


V.  STUDY  OF  THE  COUPLED  TRANSMISSION-LINE  MODEL 


In  the  preceding  Section  IV,  a  coupled  two-conductor- 
transmission-line  model  was  developed  to  represent  the  Marx 
and  peaker  system  above  the  ground  plane.  This  two-conductor 
model  will  be  utilized  in  this  section  to  obtain  sample  out¬ 
put  waveforms  for  the  case  of  step  excitation  (Figure  18 
associated  with  Table  4).  The  output  voltage  V^(t)  across 
the  load  2  (s  150  fi)  is  computed  using  the  well  established 
code  QV7TA  described  in  Reference  [15],  This  code  was  develop¬ 
ed  to  permit  a  transient  analysis  of  relatively  general  multi¬ 
conductor  transmission-line  networks  which  are  subject  to 
either  lumped  source  (like  in  tne  present  application)  or  dis¬ 
tributed  field  excitation.  The  input  quantities  are  the  geo¬ 
metry  and  the  per-unit- length  inductance  and  capacitance  matrices. 
Since  the  code  is  based  on  detailed  theoretical  considerations 
of  multiconductor  transmission  lines  [12],  the  method  of  solu¬ 
tion  is  not  reproduced  here.  For  the  present  case  of  two  con¬ 
ductor  transmission  line,  analytical  approximations  for  V  (t) 
can  be  obtained,  but  it  was  found  efficient  to  simply  use  QV7TA 
for  getting  the  load  voltage  (or  current) . 


1 .  Two  Velocities 

Designating  the  equivalent  peaker  conductor  by  subscript 
1  and  the  Marx  conductor  by  subscript  2,  the  per-unit  length 
matrices  are  denoted  by 


<Ln,m>  - 


given  by 


v. 


Lil 

42 

L21 

L22 

.  earlier. 

V2 

=  c 

(C*  J  = 
n  f  m 


mi 


i  + 


(L'  4  1> 
m  ll 


<4l  L22  -  L1 2  L 


c 1 
^11 

C ' 
U12 

c 1 

U21 

C 1 
c22 

propagation 

,21) 

(48) 


(49) 
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It  is  noted  that  if  the  additional  Marx  inductance  L'  is 

m 

neglected,  the  two  velocities  become  identically  equal  to  c, 
as  one  would  expect.  One  can  pursue  this  two-conductor  model 
analytically  to  obtain  the  wave  amplitudes.  However,  instead 
of  this  approach,  for  the  present  purposes,  we  have  chosen 
to  use  the  QV7TA  code  to  analyze  the  two-conductor  model,  with 
the  goal  of  computing  the  voltage  V^(t)  across  the  load. 

2.  .  Waveform  Optimization 

The  load  Z  (2  150  u)  across  which  the  output  waveform 

Li 

is  computed  represents  the  simulator.  Hence  this  waveform 
is  indicative  of  the  transient  waveforms  launched  onto  the 
simulator  plates.  The  Figures  19,  20  and  21  respectively  show 
the  load  voltage  V^(t)  for  the  three  cases  corresponding  to 
Np  =  6 ,  7,  8.  The  parameters  of  the  equivalent  peaker  conductor 
are  shown  in  the  title  of  each  figure.  The  top  figures  19a, 

20a  and  21a  are  with  the  additional  Marx  inductance  neglected 
and  the  bottom  Figures  19b,  20b  and  21b  include  the  effect 
of  the  additional  Marx  inductance  and  the  two  modes  of  prcpaca- 

3 .  Optimum  Number  of  Peakers 

It  is  clear  from  even  a  quick  look  at  the  effect  of  the 
additional  Marx  inductance  in  the  bottom  three  figures,  for 
the  cases  considered  at  least,  this  inductance  has  a  signifi¬ 
cant  adverse  impact  on  the  wave  transport  within  the  pulser 
system.  A  more  careful  examination  of  the  figures  also  indi¬ 
cates  that  more  numbers  of  peakers  contributes  to  the  quality 
of  pulser  output.  First,  the  Marx  and  peakers  are  assumed  to 
be  parallel  to  the  ground  plane.  In  reality,  they  are  not, 
indicating  the  need  for  more  calculations  of  the  present 
nature  at  other  cross  sections  along  the  coupled  transmission 
line  formed  by  the  Marx/peaker  systems.  Second,  the  Marx  and 
peakers  are  modeled  by  cylindrical  conductors.  This 
approximation  is  not  expected  to  be  serious  since  the 
conformal  transformation  method  uses  line  sources  and  the 
physical  conductor  is  an  equipotential  surface. 
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In  conclusion,  it  is  observed  that  this  report  has 
placed  the  emphasis  on  developing  the  analytical  tools  for 
optimizing  the  peaker  arms.  The  application  of  these  methods 
to  the  actual  facility  parameters,  coupled  with  some  of  the 
engineering  modifications  recommended  in  the  following  section, 
can  contribute  significantly  to  improving  the  pulser  performance 
in  the  ATLAS  I  (TRESTLE)  facility. 


i 


VI.  RECOMMENDATIONS  FOR  FUTURE  WORK 


The  overall  electromagnetic  geometry  of  a  pulser 
would  necessarily  involve  impedance  matching  across  each 
interface,  as  well  as  the  transverse  field  distribution 
that  matches  as  closely  as  is  feasible  to  the  next  section 
of  the  pulser.  This  and  other  such  criteria  point  toward 
a  need  for  extensive  and  careful  experimentation  that 
would  also  bring  out  and  resolve  relevant  problems.  Some 
of  the  important  experimental  problems  are  listed  and  briefly 
discussed  below. 

1 .  Construct  at  PTF: 

Construction  of  a  PTF  for  full  scale  impedance  hardware 
testing  should  be  pursued  to  provide  the  means  of  testing 
production  hardware  outside  the  simulator  facility.  It 
would  also  be  a  valuable  tool  for  maintenance  testing 
of  pulsers,  and  for  refining  or  evaluating  the  performance. 

2.  Continue  Analytical  studies; 

In  a  few  respects,  there  is  a  similarity  of  problems 
with  the  pulser  and  the  simulator  proper,  while  the  pulser 
is  viewed  as  a  transmission  line  or  wave  transporting 
electromagnetic  structure.  At  various  interfaces,  they 
both  require  analyses,  leading  to  a  better  understanding 
of  the  interface  properties  in  terms  of  computing  (and 
possibly  measuring)  transverse  field  distributions,  and 
adding  compensating  lumped  elements  or  other  engineering 
modifications  to  the  structure.  Another  area,  where 
analytical  studies  should  continue,  is  to  extend  the 
calculations  of  the  pulser  output  waveforms  in  this  report, 
by  an  application  of  the  theory  of  multiconductor  transmission 
lines  and  asociated  existing  computer  codes  [12,15], 
Furthermore,  carefully  planned  experiments  often  point 
out  what  further  aspects  of  the  pulser  need  to  be  analyzed 


and  which  other  synthesis  (design)  concepts  need  to  be 
developed . 

3 .  Build  Scale  .lodel  Pulser  Components: 

The  modeling  of  the  output  switch  and  the  transition 
can  be  the  first  in  a  series  of  modeling  tasks.  For 
example,  several  cones  with  circular  and  noncircular 
cross  sections  can  be  built  and  can  be  evaluated  in  mock- 
up  experiments  for  their  impedance  as  well  as  pulse- 
rise  characteristics.  The  low  impedance  of  the  present 
monocone  switch  and  the  transition  goemetry  from  the 
output  switch  to  the  peaking  capacitor  arms  is  the  most 
serious  problem  area  with  respect  to  rise  time  degradation. 
Fortunately,  this  area  is  also  the  easiest  part  of  the 
problem  to  mode} .  If  one  were  to  build  a  one-fifth  scale 
model  with  sufficient  transmission  line  to  give  10  or 
20  nanoseconds  of  measurement  clear  time,  this  area  could 
be  optimized  reasonably  fast.  The  cone  tilt  angle  and 
ground  plane  shaping  could  be  evaluated  much  easier  on 
the  model  than  on  the  facility.  Once  the  optimum  configura 
tion  is  established,  then  the  fasibility  of  modifying 
the  facility  can  be  carried  out  with  more  confidence. 

The  next  addition  to  such  an  experimental  study  would 
be  to  add  the  mock-  up  transitions  and  varying  them.  Addi¬ 
tion  of  Marx  generator  and  peaking  capacitor  arms  leads 
to  difficulties  in  modeling,  but  can  be  done  with  some 
careful  throught.  The  peaking  capacitors  could  be  made 
up  of  unimpregnated  windings  with  the  length  of  the 
winding  adjusted  to  provide  the  same  transit  time  character 
istics  as  an  impregnated  winding.  Using  dry  windings 
banded  with  tape  instead  of  cased  would  minimize  cost 
also.  The  position  of  the  peaking  capacitor  arms  could 
be  easily  varied  in  this  model  and  the  results  compared 
to  the  calculations.  If  the  correlation  is  good,  it 
will  validate  the  theoretical  approach  of  the  peaker 
arm  optimization.  Scale  modeling  is  always  a  much  more 
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cost  effective  approach  to  resolving  problems  than  trying 
to  reconfigure  the  actual  hardware. 

4 .  Electrical  Characterization  of  Peakers 

The  work  done  years  ago  on  peaker  arm  characterization 
(see  Appendix  A)  should  be  purused  and  a  coaxial  geometry 
can  be  considered  in  which  the  peaker  arm  will  essentially 
become  the  inner  conductor.  By  an  application  of  the 
theory  of  coaxial  cransmission  lines  with  lossy  inner 
conductor,  peaker  arm  electrical  parameters  can  be  experi¬ 
mentally  determined  at  various  frequencies.  In  this 
study,  a  lot  of  valuable  data  could  also  be  obtained 
on  dry  capacitors  at  low  voltage  to  avoid  the  expense 
of  completely  manufactured  capacitors. 

5.  Explore  Using  Better  HV  Components: 

Experimental  evaluation  of  the  benefits  of  using  state- 
of-the-art  components,  e.g.,  better  high-frequency  capacitor? 
illuminated  trionering  switches  need  to  be  pursued.  In 
this  regard,  damping  of  unwanted  resonances  between  peakers, 
or  between  Marx/peaker  system,  could  be  experimentally 
optimized  by  adding  resistors  or  cross-strapping  peakers 
to  raise  the  resonant  frequencies. 

6  .  Experiments  in  the  PTF: 

After  a  successful  optimization  of  components  with 
the  mock-up,  the  actual  hardware  with  the  modifications 
incorporated,  should  be  evaluated  in  the  PTF.  This  evaluation 
carried  out  at  the  fully  rated  voltage  levels  provides 
the  basis  for  eventual  modifications  in  the  simulator 
facility . 

7.  Other  Configurations: 

The  Marx  pulser  used  in  ATHAMAS  II  (or  VPD  II)  facility 
wherein  the  central  Marx  column  and  the  peaking  capacitor 
system  situated  below  the  facility  ground  plane,  has 
exhibited  better  rise  characteristics.  Of  course,  the 


peaking  capacitor  in  this  case  is  a  compact  coaxial  water 
dielectric  store  situated  in  the  ground  plane  at  the 
virtual  apex  of  the  facility  morocone  structure.  Its 
low  impedance  in  combination  with  its  small  dimensions 
provides  for  the  system  high  frequency  performance,  contribut¬ 
ing  towards  a  pulse  rise  time  of  bettern  than  8  ns. 

Mock-up  of  such  systems  can  be  built  and  evaluated. 

Although  a  major  reconfiguration  of  the  pulser  system 
in  ATLAS  I  (TRESTLE)  facility  may  be  impractical,  such 
studies  are  useful  as  design  options,  for  future  simulator 
facilities . 

8 .  study  of  Pulser  Arrays: 

It  is  emphasized  that  pulser  frequency  spectrum  is 
very  important  to  the  quality  of  simulation.  Environmental 
improvements  can  be  derived  by  increasing  the  number 
of  pulsers  (Ref.  5) ,  in  the  form  of  two  arrays  (4x4  each) . 
However,  the  pulser  array  geometry  affects  the  high  frequencies 
significantly,  calling  for  careful  paper-studies.  Large 
pulsers  and  pulser  arrays  can  not  be  considered  (Ref.  2) 
as  point  or  ideal  sources  for  launching  high  frequency 
TEM  waves  on  cylindrical  or  conical  transmission  line 
structures.  One  of  the  options  that  can  be  considered 
is  a  4  x  4  array  of  the  pulser  modules  feeding  each  of 
the  two  conical  input  transitions  on  the  sides  of  the 
central  ground  plane  wedge  of  ATLAS  I  (TRESTLE)  facility. 

While  this  doubles  the  voltage  for  each  conical  transmission 
line,  one  should  allow  for  some  high  frequency  degradation. 
Clearly,  this  aspect  of  pulser  technology  dealing  with 
arrays  needs  further  investigation. 
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APPENDIX  A 


TRESTLE  PULSER  MODULE 
TECHNICAL  MEMORANDUM 
ON 

ANALYSIS  OF  TRESTLE  PEAKING  CAPACITORS 
OVER  THE  FREQUENCY  RANGE  OF 
1  to  100  MHz 


In  this  Appendix,  TRETM-12  document,  which  was  originally 
prepared  by  Maxwell  Laboratories,  in  July  1974  has  been  includ¬ 
ed  in  its  entirety.  This  document  deals  with  the  analysis  of 
peaker  arms  in  the  frequency  range  of  1  to  100  MHz. 
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INTRODUCTION 


The  peaking  capacitor  has  been  identified  as  a  potential 
source  of  some  of  the  performance  problems  observed  in  the 
prototype  pulser.  Therefore,  a  complete  experimental  and 
analytical  investigation  has  been  initiated  to  identify  all 
potential  problem  sources  within  the  peaking  capacitors. 

The  output  waveform  from  the  prototype  pulser  as  measured 
in  the  PTF  is  shown  in  Figure  A.l.  The  problems  of  concern 
are  as  follows: 

1.  The  prepulse  measured  is  approximately  35  percent 
higher  than  predicted  in  the  original  design  analysis. 

While  this  is  not  a  critical  problem  it  does  reduce  the 
amplitude  of  the  fast  rise  portion  of  the  pulse,  which  trans¬ 
lates  to  a  loss  of  high  frequency  energy.  The  prepulse  was 
analyzed  in  TRETM  3,  which  concluded  that  the  prepulse  could 
be  reduced  about  20  percent  by  shortening  the  peaking  capacitors 
by  a  factor  of  2.  This  design  change  was  rejected  at  the 
time  because  of  the  voltage  flashover  problems  discussed  in 
TRETM  1. 

2.  The  severe  dip  in  the  waveform  just  past  peak  results 
in  a  significant  loss  of  energy  in  the  frequency  domain  between 
10  and  20  MHz. 

The  dip  in  the  waveform  of  Figure  A.l  is  typical  of  a 
peaking  circuit  output  when  the  output  switch  is  closed  later 
than  the  optimum  time  or,  where  the  value  of  the  peaking  capacitor 
is  too  small. 

A  test  series  covering  a  matrix  of  peaking  capacitor 
values  and  switching  times  is  being  accomplished.  The  objective 
is  an  empirical  evaluation  and  selection  of  the  optimum  switching 
time  and  peaking  capacitor  value. 

The  results  of  this  testing  will  be  reported  in  a  separate 
TRETM.  The  initial  indications  are  that  the  dip  can  be  eliminated 
by  increasing  the  value  of  the  peaking  capacitor  system  from 
270  pF  to  606  pF.  However,  all  analysis  of  the  circuit  and 
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Figure  A1 .  Pulser  module  output  waveform 
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calculations  based  on  the  circuit  parameters  indicate  that 
the  proper  value  should  be  270  pF.  Therefore,  until  this 
disagreement  is  resolved,  it  cannot  be  concluded  that  increas¬ 
ing  the  peaking  capacitor  value  is  the  proper  course  of  action 
to  correct  the  problem. 

3.  The  risetime  is  significantly  slower  than  that  required 
to  meet  the  performance  goals. 

This  problem  is  the  one  of  most  critical  concern.  Part 
of  the  risetime  problem  has  been  attributed  to  the  geometry 
of  the  output  switch  and  steps  have  been  taken  to  improve 
performance  in  this  area.  The  discussions  covering  the  switch 
problem  are  presented  in  TRETM's  4  and  5.  The  change  involved 
converging  from  a  bicone  geometry  to  a  monocone  geometry  for 
the  output  switch. 

The  slow  risetime  implies  the  absence  of  high  frequencies. 
The  TRESTLE  Pulse  Module  is  designed  such  that  the  peaking 
capacitors  form  one  plate  of  the  conic  transmission  line  between 
the  output  switch  and  the  PTF.  Therefore,  to  preserve  the 
high  frequencies  launched  by  the  output  switch  at  the  output 
of  the  pulser,  the  peaking  capacitors  must  pass  all  frequencies 
of  interest  with  a  minimum  of  attentuation  and  delay. 

It  is  apparent  in  the  test  data  to  date  that  the  output 
switch  spark  channel  is  generating  a  sufficient  risetime  to 
achieve  the  pulser  performance  goals.  It  has  been  established 
that  reflections  in  the  bicone  switch,  and  diffraction  from 
the  transition  between  the  switch  and  peaking  capacitors  is 
degrading  the  switch  risetime.  It  has  not  been  determined 
what  effect,  if  any,  the  peaking  capacitors  have  on  the  risetime. 
This  is  the  subject  of  this  TRETM. 

ANALYSIS  OBJECTIVE 

It  is  the  objective  of  this  analysis  to  look  at  the  peaking 
capacitor  in  terms  of  performance  over  the  frequency  range 
of  1  to  100  MHz.  The  analysis  will  be  pointed  toward  identifying 
all  characteristics  of  the  capacitor  that  may  be  related  to 
some  frequency  within  the  range  of  interest.  The  results  of 
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the  analysis  will  then  be  compared  to  the  results  of  moratory 
tests  conducted  on  the  peaking  capacitors.  The  tests  conducted 
and  data  obtained  are  presented  in  TRETM  11. 

The  ultimate  goal  of  the  analysis  is  to  present  a  firm 
conclusion  and  recommendation,  with  respect  to  whether  a  re¬ 
design  of  the  peaking  capacitor  is  necessary  to  meet  the  TRESTLE 
performance  requirements. 

CAPACITOR  DESCRIPTION 

The  capacitor  is  a  standard  MLI  product.  Catalog  Number 
31261.  The  published  characteristics  are  as  follows: 

Capacitance:  0.000606  yF  ±10% 

Voltage:  550  KVDC,  Pulse  Charge 

Inductance:  ^  300  nH 

Voltage  Reversal:  20%,  Maximum 

Temperature  Range 

Operating:  14°  F  to  113°  F 

Storage:  -40°F  to  113°F 

Weight:  ^  7.8  pounds 

These  characteristics  are  normally  all  that  are  of  interest 
when  specifying  a  capacitor.  Performance  with  respect  to 
frequency  is  not  given,  nor  has  it  ever  been  analyzed.  The 
capacitor  used  in  TRESTLE  was  selected  based  on  its  use  in 
the  TORUS  Pulser,  where  there  was  no  apparent  problem  due 
to  the  peaking  capacitors. 

The  type  of  construction  used  in  the  capacitor  is  essentially 
standard.  The  method  of  holding  the  capacitor  windings  together 
and  portions  of  the  impregnation  process  are  unique  to  the 
TRESTLE  capacitor.  Some  of  the  processes  are  patented  by 
MLI. 

Physically  the  capacitor  and  its  internal  configuration 
are  shown  in  Figure  A. 2.  The  pad  shown  in  A. 2a  is  the  basic 
element  of  the  capacitor.  15  of  these  pads  are  assembled 
into  the  subassembly  shown  in  Figure  A. 2b.  Then  5  of  the 
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subassemblies  are  assembled  into  the  capacitor  case  as  s.vown 
in  A. 2c.  The  capacitor  is  then  put  through  the  impregnation 
processes  and  the  dimensions  of  the  final  assembly  are  shown 
in  A. 2d. 

Thus,  the  capacitor  contains  75  pads  connected  in  series 
to  achieve  the  final  operating  voltage  of  550  kV. 

ANALYSIS  OF  PEAKING  CAPACITORS 

The  peaking  capacitors  being  a  part  of  the  high  frequency 
circuit  for  the  pulser  module  must  either  be  identified  or 
eliminated  as  part  of  the  risetime  problem.  Since  there  is 
not  existing  data  on  the  characteristics  of  the  peaking  capa¬ 
citors  with  respect  to  frequency,  these  must  be  determined 
before  any  conclusions  can  be  drawn. 

The  best  place  to  begin  is  with  the  smallest  element 
of  the  capacitor,  which  is  the  basic  winding  or  more  commonly 
referred  to  as  the  pad. 

CAPACITOR  WINDING 

To  begin  with,  consider  the  winding  before  it  is  wound 
into  a  pad.  Figure  A.  3a  shows  the  two  active  foils.  The  dimen¬ 
sions  of  the  foils  and  spacing  between  them  is  also  given 
in  Figure  A.  3a. 

For  some  frequencies,  the  pad  can  be  considered  a  parallel 
strip  line.  The  dielectric  constant,  /“  ,  j.n  the  strip  line 
for  this  dielectric  system  is  4.25.  The  impedance  of  this 
strip  line  can  be  approximated  by: 
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where 


=  the  width  of  the  foils. 

=  the  separation  of  the  foils. 

=  the  dielectric  constant  between  the  foils. 
=  the  impedance  of  free  space. 
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Figure  A3.  Peaking  capacitor  characteristics. 


Thus  for  the  TRESTLE  pad 


_  377  x  5.7  x  10 
pad-  4.25  x  3.8 

=  2.7  x  10-1  Ohms 


(A.  2) 


The  electrical  length  of  the  strip  line  is  somewhat 
longer  than  its  physical  length  due  to  the  dielectric  con¬ 
stant  between  the  foils.  This  also  can  be  approximated  by 


T£ 


£  /  e 

30 


(A. 3) 


where 

T^  =  the  transit  time  in  nanoseconds. 

£  =  physical  length  of  line  in  centimeters, 

e  =  the  dielectric  constant. 

30  =  velocity  of  light  in  cm /ns. 

Thus 

114 .3  x  /4 . 25 
1  i  ~  30 

=  7.9  nsec 


(A. 4) 


So  far  the  pad  has  been  treated  only  as  a  flat  strip  line. 
The  impedance  and  transit  time  of  the  pad  are  both  modified  by 
placing  the  tabs  at  the  center  of  the  line.  By  doing  this  and 
looking  into  the  strip  line  at  the  middle,  it  now  looks  like  a 
line  that  is  half  as  long  and  half  the  impedance.  Therefore, 
the  strip  impedance  is  now  1.4  x  10  ^  ohms,  and  has  an  electrical 
length  of  about  4  nsec. 

The  capacitance  length  of  the  line  is  modified  again,  how¬ 
ever,  when  the  pad  is  rolled  to  use  in  the  capacitor.  As  shown 
by  the  arrows  in  Figure  A. 3b,  when  the  pad  is  rolled,  another 


78 


strip  line  is  formed  between  the  turns  of  the  winding.  This  is 
shown  in  simple  schematic  form  in  Figure  A. 4 

The  effective  length  of  the  line  is  modified  again,  however, 
when  the  pad  is  rolled  to  use  in  the  capacitor.  As  shown  by  the 
arrows  in  Figure  A. 3b,  when  the  pad  is  rolled,  another  strip  line 
is  formed  between  the  turns  of  the  winding.  This  is  shown  in 
simple  schematic  form  in  Figure  A. 4. 

The  capacitance  and  transit  time  of  the  pad  are  both 
approximately  doubled  when  the  strip  line  is  rolled. 

To  this  point,  the  following  parameters  for  a  single 
pad  have  been  established. 

=  1.4  x  10  1  Ohms. 

T^  =  7.9  nsec. 

Cpad  =  45.5  nF  (606  pF  x  75  pads) 

Knowing  %pad  and  Cpad ,  the  inductance  of  the  pad  can  be 
estimated  from: 


where 

_  2 

LPad  -  2 Pad  CPad 

=  1.4  x  10-1  x  4.6  x  10-8 

(A. 7) 

=  9.0  x  10-10  H  =  0.9  nH 

The  parameters  established  so  far  can  now  be  related 
to  frequency  and  those  frequencies  identified  that  may  be 
of  interest. 

The  length  of  the  pad  as  a  transmission  line  is  of 
special  interest.  The  frequency  at  which  the  line  represents 
a  full  wavelength  is 


=  126.6  MHz 


1/2  wavelength 


\/2  ~  2T 


=  63.3  MHz 


1/4  wavelength 


(A. 8) 


(A. 9) 
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=  31.7  MHz 


Another  frequency  of  interest  is  the  lumped  element 
resonance  of  the  pad  inductance  and  capacitance. 


From 


f  =  2^t  /l  C 
rPad  /ijPad  ^Pad 


we  have 


2tt  v'/J.O  x  10  x  45.5  x  10 


=  24.9  MHz 


Thus,  so  far  the  following  frequencies  can  be  associated 
with  the  capacitor  pads: 


24.9  MHz  -  Lumped  element  resonance. 

37.1  MHz  -  1/4  wavelength  line. 

63.5  MHz  -  1/2  wavelength  line. 

126.6  MHz  -  full  wavelength  line. 

It  would  appear  from  this,  that  for  frequencies  above 
31.7  MHz,  where  the  peaking  capacitors  begin  to  look  like 
transmission  lines  connected  in  series,  that  its  character¬ 
istics  become  very  complex  and  difficult  to  analyze.  This 
is  further  complicated  by  having  75  pads  in  each  capacitor 
and  a  total  of  675  pads  in  each  peaking  capacitor  arm. 

To  this  point,  only  a  single  pad  has  been  considered 
in  the  analysis.  The  analysis  so  far  indicates  a  pad  could 
be  represented  as  the  lumped  circuit  shown  in  Figure  A. 5a 
up  to  frequencies  of  about  30  MHz.  Above  30  MHz,  it  would 
be  more  properly  represented  by  a  transmission  line  as  shown 
in  Figure  A. 5b. 

PEAKING  CAPACITOR 

As  mentioned  before,  a  peaking  capacitor  is  made  by  con¬ 
necting  75  pads  in  series.  The  next  step  in  the  analysis  is 
to  determine  what  changes  or  additional  characteristics  may 
show  up  when  this  is  accomplished. 

For  the  single  pad,  no  consideration  was  given  to  the 
connection  tab  inductance.  When  the  pads  are  connected  in 
series,  this  inductance  is  a  part  of  the  total  series  induc¬ 
tance  of  the  capacitor.  In  fact,  it  is  usually  the  largest 
inductance  in  the  capacitor.  The  total  series  inductance  of 
the  capacitor  has  been  established  through  test  and  measure¬ 
ment  to  be  about  270  nanohenries. 

The  inductance  of  the  pad  was  estimated  at  0.9  nanohenries 
from  the  previous  impedance  calculation.  The  inductance  of 
75  pads  in  series  would  be  67.5  nanohenries,  leaving  202.5 
nanohenries  unaccounted  for  in  the  capacitor.  If  this  is 
assigned  to  the  connecting  tabs,  it  amounts  to  2.7  nanohenries 


The  stacking  of  pads  in  series  and  the  addition  of  tab 
inductance  creates  a  new  complexity  in  the  analysis.  Figure  A. 6 
shows  a  lumped  element  equivalent  circuit  of  the  peaking  capa¬ 
citor  with  the  inductance  of  the  connecting  tabs,  LTab,  between 
the  individual  pad  circuits. 


A  condition  now  exists  where  L_  ,  +  L_  ,  establishes  another 

Pad  Tab 

resonant  frequency,  which  is  also  the  resonant  frequency  of 
the  total  peaking  capacitor,  f 
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APPENDIX  B 


LOW  VOLTAGE  SPRING  TESTS 
(March  -  April  1974) 


In  this  Appendix,  we  have  reproduced  with  the  kind 
permission  of  Mr.  Floyd  R.  Graham  of  Maxwell  Laboratories, 
the  Appendix  D  of  Maxwell  Lab.'s  Report  No.  MLR-483,  dated 
November  1975.  The  results  of  the  prototype  pulser  module 
testing  in  the  PTF  were  discussed  in  that  report  and  the 
Appendix  deals  with  the  three  basic  experimental  tests 
performed  in  the  PTF. 
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LOW  VOLTAGE  SPRING  TESTS  (MARCH-APRIL  1974) 


A.  introduction 

1 .  Background 

This  appendix  presents  the  results  of  three  basic  tests  per¬ 
formed  at  the  PTF  and  referred  to  collectively  as  the  low  voltage  spring 
tests.  The  three  tests  were  sequential  in  nature  directed  at  the  estab¬ 
lishment  of  a  decision  making  data  base  relative  to  design  changes  for 
improving  pulser  performance  and  establishing  ideal  pulse  performance  in 
the  PTF  versus  the  horizontal  simulator.  The  experiments  discussed  in 
this  appendix  were  executed  in  parallel  with  an  analytical  effort 
directed  at  providing  a  similar  data  base  to  that  provided  experimentally 
so  that  compatibility  between  analytical  and  experimental  results  can  be 
demonstrated.  Once  this  basic  compatib? 1 i ty  has  been  demonstrated,  the 
prediction  of  the  expected  pulser  performance  in  the  horizontal  simulator 
can  be  made  with  established  confidence  levels. 

The  three  experimental  tasks  covered  in  this  appendix  can  be 
summarized  as  follows: 

(1)  Conic  Test  -  Peakers  and  switch  replaced  with  conic 
section  having  best  impedance  match  with  output  tran¬ 
sition  for  the  PTF  geometry  (125  ohms). 

(2)  Peaker  Test  -  Peakers  replaced  with  2-1/2-inch  aluminum 
tubes  and  tube  geometry  varied  to  minimize  the  impedance 
mismatch. 

(3)  Cone  Test  -  Vary  monocone  impedance  and  tilt  angle  to 
minimize  impedance  mismatch  and  compare  with  the  bicone 
conf igurat ion. 
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2.  Object i ves 

The  objectives  of  the  three  basic  test  configurations  con¬ 
sidered  in  this  appendix  are  summarized  according  to  each  test  in  the 
fol lowing: 

(1)  Conic  Test  -  The  objective  of  the  conic  test  was  to 
determine  the  effects  of  the  output  transition  and  angle 
bend  on  pulser  performance. 

(2)  Peaker  Test  -  The  objectives  of  this  test  were  to  deter¬ 
mine  the  optimum  peaker  geometry  and  the  difference,  if 
any,  between  the  optimum  geometry  for  the  actual  peakers 
or  conducting  tubes. 

(3)  Cone  Test  -  The  objective  of  the  cone  tests  was  to 
determine  the  optimum  configuration  and  cone  angle  output 
switch  cone.  Waveform  performance  sensitivity  to  switch 
impedance  was  also  investigated. 

3.  Evaluation  Criteria 

Two  criteria  were  used  to  evaluate  the  various  pulser  configu¬ 
rations.  One  was  risetime  and  the  other  was  waveform  integrity.  A  con¬ 
figuration  yielding  tie  smallest  risetime  with  minimum  waveform  pertur¬ 
bations  due  to  reflected  or  diffracted  components  was  judged  as  superior. 

The  time  of  arrivalof  a  waveform  perturbation  due  to  diffrac¬ 
tion  or  reflection  relative  to  the  waveform  epoch  can  help  identify  the 
source  of  waveform  degradation.  Thus,  time  difference  is  used  frequently 
in  this  appendix  as  a  diagnostic  tool. 

Pour  field  monitor  locations  were  used  in  these  tests.  These 
locations  provide  two  functions.  One  is  to  remove  ambiguities  in  the 
time  difference  diagnostic.  The  other  is  to  record  the  waveform  varia¬ 
tion  as  a  function  of  position. 
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B.  PULSER  CONFIGURATIONS 


1 .  PTF  Geometry 

The  geometry  and  dimensions  of  the  PTF,  giving  the  relative 
field  sensor  locations,  is  illustrated  in  Figure  D-l  .  This  figure 
indicates  that  there  are  three  basic  field  measurement  locations  P^,  P  , 
and  Pj.  Locations  Pp  and  P^  were  specified  in  the  statement  of  work 
while  Pj  was  added  to  facilitate  the  interpretat ion  of  the  data.  Sensors 
were  added  at  locations  P^  and  P^  to  provide  primarily  diagnostic  informa¬ 
tion  on  pulser  performance. 

2 .  Pulser  Geometries 

To  facilitate  the  interpretation  of  the  test  results,  the 
geometry  and  dimensions  of  each  of  the  test  configurations  used  during 
these  tests  will  be  presented  here. 

a .  Conic  Test 

Figure  D-2  illustrates  the  geometry  and  dimensions  in  the 
vicinity  of  the  pulser  during  the  125-obm  matched  plate  tests.  All 
dimensions  are  given  in  feet.  The  matched  plate  conic  consisted  of  two 
sections  bolted  together,  a  triangular  section  8  feet  long  and  a  trapezoidal 
section  16  feet  long. 

b.  Conducting  Tube  Tests 

1)  Tubes  Level  With  Bottom  of  Output  Transition 

figure  D-3  illustrates  the  geometry  and  dimensions 
of  the  test  setup  during  the  tests  conducted  with  aluminum  tubes  replacing 
the  peakers  and  installed  level  with  the  bottom  of  the  output  transition. 

The  aluminum  tubes  were  2-1/2  inches  in  diameter  and  approximately  15 
feet  long.  Connection  to  the  switch  and  pulser  unit  was  accomplished 
using  the  same  short  triangular  conic  section  (8  feet  long)  as  for  the 
matched  plate  tests. 
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GROUND  PLANE  (WIRE  ME! 


Geometry  and  Dimensions  of  the  PTF  (December  1973  -  January 


Figure  0-2.  125-Ohm  matched  plate  configuration. 


2 )  Tubes  14  Inches  Below  Bottom  of  Output  Transition 

The  geometry  and  dimensions  of  the  test  setup  used 
during  the  tests  performed  with  aluminum  tubes  mounted  14  inches  below 
the  bottom  of  the  output  transition  are  illustrated  in  Figure  D-4 .  Wire 
braid  straps  connected  the  tubes  to  the  back  of  the  output  transition, 
c .  Cone  Tests 

1 )  B  i  cone 

Figure  D-5  illustrates  the  geometry  and  dimensions 
of  the  test  setup  using  the  bicone  switch.  Connection  between  the 
bicone  and  peaker  arms  was  accomplished  with  wire  braid. 

2)  88-0hn  Monocone  -  vertical 

The  geometry  and  dimensions  of  the  test  setup  during 
the  88-ohm  "vertical"  monocone  tests  is  depicted  in  Figure  0  6.  The 
monocone  was  connected  to  the  peaker  arms  by  wire  braid.  The  cone  half¬ 
angle  for  the  88-ohm  monocone  was  approximately  21°. 

3)  88-Ohm  Monocone  -  Tilted 

Figure  D-7  illustrates  the  geometry  and  dimensions 
of  the  tilted  88-ohm  monocone  test  configuration.  The  inclination  of 
the  cone  axis  with  the  local  ground  plane  vertical  was  about  47°. 

4)  125-Ohm  Monocone  -  Vertical 

The  geometry  and  dimensions  associated  with  the  125- 
ohm  "vertical"  monocone  test  configuration  are  illustrated  in  Figure 
n-8.  The  125-ohm  half-angle  is  about  15°. 

5)  125-Ohm  Monocone  -  Tilted 

Figure  D-9  illustrates  the  geometry  and  dimensions 
of  the  test  configuration  associated  with  the  125-ohm  tilted  monocone 
tests.  The  inclination  of  the  cone  axis  from  the  local  ground  plane 
vertical  was  approximately  50°. 

3 .  Switch  Geometry 

Figure  D-10  illustrates  the  test  configuration  of  the  pulsing 
unit  and  switch  typical  of  all  the  low  voltage  tests.  The  pulser  con¬ 
sisted  of  a  pair  of  charged  capacitors  wh:ch  were  discharged.  The 
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Figure  0-6.  Test  configuration  for  88-Ohm  vet \ 
evaluation. 


?onocone 


OUTPUT  TRANSITION 


configuration  for  125-Ohm  tilted  monocone  evaluation 


Figure  D-10.  Switch  geometry. 


charging  voltage  across  the  switch  was  approximately  42  kV  for  those 
tests.  A  summary  of  the  electrical  characteristics  of  the  low  voltage 
spring  test  configurations  appears  in  rable  0-1. 

C'.  INSTRUMENTATION 

1 .  Sensor  Locations 

Figure  D-1  illustrates  the  geometry  and  dimensions  of  the  PTF 
along  with  the  locations  of  all  sensors  used  during  the  low  voltage 
spring  tests.  The  locations  of  the  sensors  relative  to  the  bend  in  the 
ground  plane  are  summarized  below. 


SENSOR  DESIGNATION 
OUTPUT  SWITCH 
P 


8 


DISTANCE  FROM  BEND  IN 
GROUND  PLANE  (FEET) 

VARIABLE  (NOMINALLY  4.5  FEET) 
1.0 
12.8 
32.2 
85 


2 .  System  Schematic 

Figure  D-1 0  is  a  simplified  schematic  of  the  time  domain  data 
acquisition  system  at  the  PTF  applicable  to  all  the  low  voltage  spring 
tests. 

3 •  Instrumentation  System  Performance 

Instrumentation  system  performance  can  be  summarized  in  terms 
of  its  sensitivity,  accuracy,  bandwidth,  and  risetime.  The  only  signifi¬ 
cant  performance  criteria  for  this  test  series  are  the  risetime  degrada¬ 
tion  Cue  to  the  instrumentation.  The  system  sensitivity  and  accuracy  is 
essentially  the  same  as  that  described  inAppendix  B.  System  bandwidth 
is  a  corollary  to  system  risetime  which  is  described  below. 
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TABLE  D-2.  SUMMARY  OF  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

VALUE 

PEAKING  CAPACITANCE 

270  pF 

NUMEER  OF  PEAKING  CAPACITOR  ASSEMBLIES 

A 

NUMBER  OF  SERIES  CAPACITORS  PER  PEAKING 

CAPACITOR  ASSEMBLY 

9 

PULSER  OUTPUT  VOLTAGE 

-42  kV 

RISETIME  OF  PULSER 

—  2  ns 

CAPACITANCE  OF  PULSER 

.22  uF 

SWITCH  INDUCTANCE 

.25  uH 

System  risetime  degradation  calculations  are  described  in 
Appendix  B  and  its  addendums*.  In  the  present  case,  degradation  due  to 
the  oscilloscope,  a  Tektronic  485  with  a  350  MHz  bandwidth,  and  the 
sensors,  either  a  MGL-4  or  MGt-5  with  upper  frequency  cutoffs  of  230  MHz 
and  700  MHz  respectively,  provide  negligible  risetime  degradation  when 
considering  inputs  with  risetimes  greater  than  3  nanoseconds.  The 
remaining  source  is  the  approximately  300  feet  of  7/8-inch  Foamflex 
cablr.  Thus  cable  has  about  1.5  dB  attenuation  at  100  MHz.  The  worst 
case  risetime  degradation  is  about  2  nanoseconds.  More  detail  is  given 
in  the  addendum  to  Appendix  B. 

0.  TEST  RESULTS 

I .  Test  Data 

a .  Introduction 

Addendum  1  of  this  appendix  presents  the  photo  reproductions 
of  all  pertinent  test  data  for  the  low  voltage  spring  tests.  No  further 
pictorial  presentation  of  this  data  will  be  provided  here  except  as 
required  in  emphasis  of  particular  points  concerning  the  waveforms. 

Addendum  2  summarizes,  in  table  form,  the  waveform  character¬ 
istics  of  the  photo  reproductions  of  the  test  data.  These  tables  summarize 
the  primary  characteristics  of  the  data  such  as  peak  voltage,  risetime, 
e-fold  time,  and  reflection  and  diffraction  peaks.  Figure  I  of  Addendum 
2  shows  definitions  used  in  those  parameters.  Also  summarized  is  the 
identification  and  scale  information  concerning  each  piece  of  data 
presented. 

Finally,  Addendum  3  presents  a  summary  of  the  times  of 
transit,  either  transmission  line  or  diffraction,  for  each  of  the  con¬ 
figurations  of  this  set  of  tests.  Where  it  is  felt  applicable,  both  the 
transmission  line  transit  times  and  the  diffraction  transit  times  are 
listed.  The  characters  across  the  top  horizontal  row  and  down  the  first 
column  represent  locations  of  various  interfaces  of  each  configuration. 


’Addendums  1,  2  and  3  are  not  included  in  this  report.  Refer  to  Maxwell 
Laboratory  Report  No.  MLR-483,  Nov  1975. 


The  tables  are  read  by  choosing  an  origin  from  the  set  of  characters  in 
the  first  column  and  then  moving  along  the  row  to  which  this  character 
belongs  until  the  appropriate  terminal  block  is  reached.  This  block 
gives  the  one-way  transit  time  (transmission  line  or  diffraction)  from 
the  origin  character  to  the  terminal  character.  The  character  representa¬ 
tion  of  each  configuration  is  keyed  to  the  sketch  of  the  configuration 
appearing  at  the  bottom  of  each  summary  table  as  well  as  on  the  detailed 
configuration  figures  presented  earlier. 

b.  Summary  of  Reflection/Diffraction  Results 

Tables  0-’  thro-.iji  D- 9  ere  provided  to  combi:  e  the  results 
of  Addendums  1,  2,  and  3  concerning  the  specific  waveform  characteristics 
of  reflection  and  diffraction  peaks.  The  first  column  of  each  table 
lists  the  location  at  which  the  results  apply,  while  the  next  two  columns 
indicate  the  measured  time  delays  between  the  initial  incidence  of  the 
pulse  at  the  sensor  and  the  time  of  the  arrival  of  the  first  contributions 
from  a  reflection  or  diffraction  in  the  configuration  under  study.  The 
fourth  column  lists  the  calculated  arrival  times  from  the  most  probable 
sources  of  reflection  or  diffraction  as  derived  from  the  delay  times 
presented  in  Addendum  3-  Finally  the  last  column  gives  a  possible 
interpretation  in  gine-al  terns  concerning  reflection  or  diffraction  at 
various  interfaces  within  the  configuration. 

c.  Evaluation  of  Interface  Problem  Areas 

1 )  125-Ohm  Matched  Plate  (Reference  Figure  D-2) 

Table  0-  /  sunvarizes  the  i .iforu.at  5 or  necessary  for 
evaluating  the  quality  of  interfaces  in  the  125"Ohm  matched  plate  geometry. 
Due  to  tne  nature  of  this  configuration,  it  is  particularly  well  suited 
for  interpreting  the  effects  of  the  output  transition  on  the  pulse  wave¬ 
form  character i st ics . 

As  one  should  expect  from  a  geometry  such  as  that 
associated  with  the  matched  plate,  the  only  major  diffraction  or  reflection 
peaks  on  the  transmitted  waveforms  occur  in  the  region  where  both  impedance 


TABLE  0-2.  WAVEFORM  INTERPRETATION  OF  125  OHM  MATCHED  PLATE 
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TABLE  D-3 .  WAVEFORM  INTERPRETATION  OF  2-1/2-INCH  ALUMINUM 
TUBES  -  LEVEL  WITH  BOTTOM  OF  OUTPUT  TRANSITION 


TABLE  D-4.  WAVEFORM  INTERPRETATION  OF  2-1/2-INCH  ALUMINUM  TUBE 
14-INCH  BELOW  BOTTOM  OF  OUTPUT  TRANSITION 


TABLE  D-5 .  WAVEFORM  INTERPRETATION  OF  BICONE  (VERTICAL) 


AND  OUTPUT  SWITCH 


I 

!  TABLE  °-,6-  WAVEFORM  INTERPRETATION  OF  88-OHM  MONOCONE  (VERTICAL) 


MEASURED 

CALCULATED 

NEAREST 

SENSOR 

LOCATION 

1ST  T INC 

OsC ILLATION 

fUPCTItlv; 

osculation 

transit 

TINES 

INTERPRETATION 

SWITCH 

8  6 

8.8 

REFLECTION  FROM  INTERFACE  OF  HONOCONE  AND 

connecting  strap. 

11.8 

11.6 

reflection  from  interface  of  connectinc  strap 

WITH  LOWER  END  OF  REARERS 

<•3 

62  5 

62.6 

REFLECTION  FROM  INTERFACE  OF  PtARING  CAPACITOR 

AND  OUTPUT  TRANSITION 

P 

(l 

5.6 

5.6 

o iffract ion  from  interface  of  HONOCONE  ano 
connecting  strap 

6.6 

- 

unpredictable 

34.0 

or 

310 

reflection  from  interface  of  PEAKERS  with  output 
transition 

36.0 

33.6 

OIFFRACTION  FROM  INTERFACE  OF  PEAKERS  WITH 

OUTPUT  TRANSITION 

42 

62.6 

MULTIPLE  REFLECTION  BETWEEN  UPPCR  END  OF  PEAKERS 
AND  OUTPUT  SWITCH 

% 

7.6 

7.6 

POSSIBLE  REFLECTION  BETWEEN  HONOCONE  APEX  ANO  £N0 
OF  HONOCONE 

42 

42 

62.6 

MULTIPLE  REFLECTION  BETWEEN  UPPER  ENO  OF  PEAKERS 
ANO  OUTPUT  SWITCH 

9.3 

9.6 

DIFFRACTION  FROM  FRONT  END  OF  OUTPUT  TRANSITION 

326 

or 

3*  .0 

REFLECTION  BETWEEN  UPPER  ANO  LOWER  ENOS  OF 

PEAKERS 

326 

32.8 

REFLECTION  BETWEEN  UPPER  END  OF  PEAKERS  AND 
INTERFACE  WITH  TOP  OF  HONOCONE 

63 

62.6 

MULTIPLE  REFLECTION  BETWEEN  UPPER  ENO  OF  PEAKERS 
ANO  OUTPUT  SWITCH 

P2 

63 

44 

62.6 

REFLECTION  BETWEEN  UPPER  ENO  OF  PEAKERS  ANO  OUT¬ 
PUT  SWITCH 
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TABLE  D-7.  WAVEFORM  INTERPRETATION  OF  88-OHM  MONOCONE  (TILTED) 


TABLE  0-8.  WAVEFORM  INTERPRETATION  OF  125-OHM  MONOCONE  (VERTICAL) 


TABLE  0-9.  WAVEFORM  INTERPRETATION  OF  125-OHM  MONOCONE  (TILTED) 


AMO  OUTPUT  SWITCH 


and/or  geometric  discontinuities  are  present,  the  output  transition. 
Clearly  from  Table  D-2,  it  is  evident  that  the  primary  impedance  discon¬ 
tinuities  are  at  the  back  of  the  output  transition  and  at  the  straps 
connecting  the  transition  to  the  matched  plate.  It  also  appears  that 
diffraction  from  the  geometric  discontinuity  at  the  bend  between  the 
output  transition  and  transmission  line  produces  an  early  tine  diffrac¬ 
tion  peak  on  the  waveform.  Reflections  from  impedance  discontinuities 
are  apparently  also  detectable  from  the  interface  between  the  output 
transition  and  transmission  line. 

An  estimate  of  the  magnitude  of  the  major  impedance 
discontinuity  at  the  end  of  the  matched  plate  can  be  obtained  from 
measurements  of  the  amplitude  of  the  reflected  component  and  a  simple 
calculation.  Perhaps  the  most  unequivacable  data  from  which  this  estimate 
can  be  made  are  from  the  current  monitor  directly  under  the  switch. 

Figure  D- 1 1  is  (.ho  digitization  of  the  10  ns/div  curve  From  the  set  of 
data  at  the  switch  during  the  matched  plate  tests.  The  period  of  the 
major  oscillation  seen  on  this  curve  corresponds  to  the  two-way  transit 
time  from  the  output  switch  to  the  output  transition  region.  From  the 
figure,  the  relative  amplitudes  of  the  incident  and  reflected  peaks  are 
1.45  and  4.55  divisions,  respectively.  The  reflection  coefficient  (c) 
is  the  ratio  of  the  reflected  to  incident  amplitudes  hence 

0  =*  .319 


The  current  reflection  coefficient  is  also  given  by 


P 


L 


Z 

o 


+  Z 

o 


where  Z^  is  the  effective  load  impedance  provided  by  the  output  transition 
interface  and  Zq  is  the  characteristic  impedance  of  the  matched  plate 
(125  ohms).  Therefore,  the  effective  impedance  of  the  output  transition 
region  is  given  by 
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6k.  5  ohms 

The  foregoing  analysis  of  the  impedance  discontinuity 
at  the  matched  plate/output  transition  interface  is,  of  course,  a 
grossly  over-simplified  one.  In  reality,  the  actual  impedance  of  the 
output  transition  at  its  interface  with  the  matched  plate  is  probably 
more  nearly  100  to  110  ohms.  An  alternate  explanation  of  this  mismatch 
might  consider  the  time  required  for  the  wave  or  current  sheet  to  completely 
traverse  the  surface  of  the  output  transition  section.  This  time  can  be 
roughly  equated  to  the  charging  time  of  a  capacitor.  Such  an  equivalent 
representation  would  predict  an  initially  low  impedance  and  qualitatively 
explain  the  observed  data. 

This  mismatch  phenomena  will  be  present  in  the 
Horizontal  TRESTLE  although  in  reduced  magnitude.  The  top  of  the  output 
transition  for  the  production  pulsers  has  been  truncated  to  provide  a 
shorter  transit  time  and  a  higher  quasi-static  impedance.  It  should  be 
noted  that  effects  of  this  discontinuity  are  not  apparent  at  the  locations, 
Pj  and  P^.  Thus  this  large  discontinuity  produces  field  perturbations 
that  are  apparently  overcome  by  other  mechanisms  so  that  its  influence 
is  minor  outside  the  confines  of  the  pulser. 

2)  Two  and  One-Half  Inch  Aluminum  Tubes  (Reference 

Figures  0-3  and  D-k) 

Both  sets  of  data  on  the  aluminum  tubes  installed  in 
place  of  the  peakers  (tubes  level  with  bottom  of  output  transition  and 
Ik  inches  below  bottom  of  output  transition)  show  the  same  reflection 
and  diffraction  peaks  as  might  be  expected.  Tables  0-3  and  t'-k  summarise 
these  results  indicating  that  the  primary  source  of  reflections  is  the 
impedance  discontinuity  between  the  tubes  and  the  output  transition.  It 
is  also  evident  that  at  sensor  location  P^  in  front  of  the  output  transi¬ 
tion,  diffraction  from  the  geometric  discontinuity  at  the  upper  end  of 
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the  output  transition  leads  to  early  time  degradation  to  the  pulse 
waveform.  Tnere  is  no  apparent  difference  in  the  measured  waveform 
using  either  of  these  configurations. 

3)  Cone  Tests 

a)  Bi cone 

Table  0-5  summarizes  the  r af lect ion/d i ffi act  ion 
peai-s  and  oscillations  observed  in  the  output  waveforms  associated  with 
tne  bicone  configuration.  The  primary  peaks  correspond  to  reflections 
between  both  ends  of  the  peakers  and  the  output  switch.  Oue  to  the  com¬ 
plexity  of  this  particular  geometry,  it  is  not  clear  whether  or  not  any 
diffraction  effects  are  present. 

b)  88-Ohm  Honocone  -  Vertical 

Table  do  summarizes  the  reflection  and  diffrac 
tion  peaks  evident  on  the  waveforms  obtained  in  the  88-ohm  vertical 
monocone  configuration.  Clear  evidence  is  given  in  the  table  that 
reflections  due  to  impedance  discontinuities  occur  at  every  interface  in 
the  configuration  except  that  of  the  output  transition  to  the  transmission 
line.  A  large  reflection  (~60  percent  of  incident)  appears  to  be 
occurring  at  the  intei  'ace  between  the  monocone  and  straps  connecting  to 
the  peakers.  Another  smaller  reflection  occurs  at  the  interface  of  the 
monocone/peaker  connecting  strap  and  the  lower  end  of  the  peakers. 

Finally,  there  is  a  reflection  apparently  coming  from  the  interface  of 
the  peakers  with  the  back  of  the  output  transition. 

In  addition  to  the  reflection  peaks  there  are 
apparent  diffraction  peaks  resulting  from  diffraction  from  three  different 
interfaces.  First  there  is  diffraction  from  the  monocone/connect i ng 
strap  interface  which  appears  to  be  quite  a  large  contribution  (about  70 
percent  of  incident  peak).  Next  there  is  possible  diffraction  from  the 
peaker/output  transition  interface  and  finally  there  is  diffraction  from 
the  interface  of  the  output  transition  with  the  transmission  line.  Both 
the  first  and  last  diffraction  effects  are  early  time  contributions  to 
waveform  degradation. 
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c)  88-Ohm  Honocone  -  Tilted 

Table  '''■I  summarizes  the  ref  lection/di f Traction 
contributions  to  the  output  waveform  for  the  88-ohm  tilted  monocone. 

Among  the  major  reflection  peaks  which  are  apparent  are  a  reflection 
from  the  monocone/connecting  strap  interface;  one  from  the  interface 
between  the  upper  end  of  the  peakers  and  the  output  transition  and, 
apparently,  reflections  between  the  ends  of  the  peakers;  and  one  from 
the  tip  of  the  output  transition  to  the  lower  end  of  the  peakers.  In 
addition,  there  appears  to  be  diffraction  from  the  connection  of  the 
output  transition  to  the  transmission  line  as  measured  at  sensor  location 

pr 

d )  12S-0hm  Honocone  -  Vertical 

Table  0-8  summarizes  the  ref lecij'/d'  f’'sactio.i 
contributions  to  the  output  waveform  for  the  125-ohm  vertical  monocone. 
The  only  major  reflection  peaks  for  this  configuration  correspond  to 
reflection  from  the  interface  between  the  upper  end  of  the  peakers  and 
the  output  transition.  And  again  for  sensor  location  P  ,  there  is  an 
apparent  early  time  diffraction  peak  originating  from  the  tip  of  the 
output  transition. 

e)  125-Ohm  Honocone  -  Tilted 

A  summary  of  the  reflection/diffraction  peaks 
for  the  125-ohm  tilted  monocone  appears  in  Table  h-g.  The  major  cate¬ 
gories  of  reflections  which  appear  in  this  table  are:  one  corresponding 
to  a  reflection  between  the  upper  end  of  the  peakers  and  the  top  of  the 
monocone,  reflection  from  the  top  of  the  monocone  to  the  output  switch, 
and  a  reflection  between  the  upper  end  of  the  peakers  and  the  output 
switch.  In  addition,  there  is  an  apparent  diffraction  peak  corresponding 
to  diffraction  from  the  tip  of  the  output  transition, 
d.  Summary  of  Interface  Problem  Areas 

A  summary  of  all  interface  problem  areas  is  presented  in 


Table  0-10.  The  major  interfaces  associated  with  the  various  configurations 
of  the  low  voltage  spring  tests  are  listed  across  the  top  of  the  table. 


The  con f igurat ions  are  listed  in  the  first  column  followed  by  designations 
of  the  sensor  locations  either  in  the  second  or  third  column  according 
to  the  orientation  of  the  switch  (vertical  -  V,  or  tilted  -  T).  The 
remainder  of  the  table  lists  the  major  reflection  and/or  diffraction 
originating  interfaces  (R  and  D,  respectively)  along  with  an  estimate  of 
the  relative  magnitude  of  the  effect  of  each  reflection  and/or  diffraction 
on  the  output  pulse  waveform.  The  relative  magnitudes  are  categorized 
into  three  classes;  large  effects  (L)  of  greater  than  50  percent  of 
incident  peak  amplitude,  medium  effects  (M)  of  less  than  50  but  more 
than  20  percent  of  incident  peak  amplitude,  and  small  effects  (S)  of  20 
percent  of  incident  peak  amplitude  or  less. 

The  table  presents  an  overview  of  all  the  low  voltage 
spring  tests  together  and  clearly  points  out  that  the  major  interface 
contributing  to  reflection  effects  is  the  interface  at  the  back  of  the 
output  transition.  Similarly,  it  is  evident  that  the  interface  contrib¬ 
uting  most  severely  to  diffraction  effects  is  the  interface  of  the 
output  transition  with  the  transmission  line. 

For  the  cases  where  some  kind  of  switch  cone  is  present 
(bicone  or  monocone),  the  table  also  indicates  that,  in  general,  the 
interface  between  the  top  of  the  cones  and  the  connecting  straps  to  the 
peakers  appears  to  be  the  origin  of  reflection  problems  in  the  vicinity 
of  the  switch.  Also,  for  the  vertical  monocone  configurations  (88-ohm 
and  125-ohm),  there  appears  to  be  evidence  indicating  that  diffraction 
from  the  geometric  discontinuity  at  the  bend  between  the  cone  and  peaker 
directions  may  be  a  problem. 

The  sensor  location  most  obviously  effected  by  the  early 
time  degradation  effects  of  d’ffraction  is  Pj.  Diffracted  fields  arrive 
at  this  location  at  times  on  the  rising  incident  waveform  which  cause 
severe  degradation  in  pulse  risetime  as  clearly  svident  in  the  data 
presented  in  Addendum  1.  It  should  be  pointed  out  here,  also,  that 
although  Table  D-10  does  not  indicate  any  diffraction  effects  at  sensor 
location  P^,  the  presence  of  diffraction  from  the  end  of  the  output 
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transition  in  particular  is  quite  probably  a  major  contributor  to  the 
slow  risetime  observed  at  this  sensor  location.  This  is  felt  to  be  the 
case  despite  the  fact  that  the  diffraction  signature  from  that  interface 
cannot  be  extricated  from  the  general  waveform, 
e .  Risetime  Considerations 

Table  D-ll  summarizes  the  measured  risetimes  for  the 
various  configurations  of  tne  low  voltage  spring  tests  as  a  fjrc:'c"  c* 
sensor  location.  Ail  risetimes  are  given  in  nanoseconds  and  reo-ese-t 
tne  time  required  for  the  pulses  to  rise  from  1C  percent  of  their 
maximum  amplitude  to  90  percent.  A  figure  is  referenced  in  column  two 
of  the  table  for  each  of  the  configurations. 

1 )  Risetime  Versus  Configuration 

Figure  D-12  illustrates  the  dependence  of  the  measured 
10  to  90  percent  risetime  on  the  configuration  of  the  test  setup  at  each 
sensor  location.  The  configuration  numbers_ a  1 ong  the  horizontal  axis 
correspond  to  the  number  designations  for  the  configurations  listed  i  w 
Tab  1 e  D- 1 1 . 

This  figure  displays  two  definite  groupings  of  data 

according  to  sensor  lc cation.  P  and  P  both  lie  together  for  the  most 

cl  (s 

part  well  below  the  cu  ves  for  P^  and  P^.  The  reason  for  this  grouping 

is  at  once  evident  in  that  both  P  and  P„  lie  within  the  confines  or  the 

a  S> 

geometry  of  the  pulser  module  while  P^  and  P^  lie  outside  this  geometry. 
The  increased  risetimes  for  the  outer  sensors  over  the  inner  sensors  car, 
be  attributed  to  a  combination  of  diffractive  effects  and  the  loss  of 
some  of  the  high  frequency  components  of  the  pulse  by  radiation  as  the 
pulse  progresses  away  from  the  switch.  One  explanation  of  the  increased 
risetime  at  P 2  over  that  of  Pj,  then,  is  simply  that  it  is  more  distant 
and  hence  suffers  more  degradation  in  risetime  due  to  radiation  of  the 
high  frequency  components. 

2)  Risetime  Versus  Sensor  Location 

The  dependence  of  the  measured  10  to  $0  percent 
risetime  on  the  sensor  location  for  each  of  the  configurations  studied 
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is  illustrated  in  Figure  0-13.  The  sensor  locations  are  listed  along 
the  horizontal  axis  and  the  risetime  in  nanoseconds  along  the  vertical. 

This  figure  illustrates  quite  clearly  the  trend  for  all  configuration 
data  toward  increasing  risetimes  the  further  the  sensor  is  from  the 
pulse  source.  Again  the  probable  cause  for  a  large  degree  of  this 
risetime  degradation  lies  in  diffraction  from  various  interfaces  although 
primarily  it  is  in  the  interface  between  the  output  transition  and  the 
transmission  line. 

Notable  here  again  Is  a  definite  grouping,  particularly 

at  the  sensor  locations  P  and  P  .  The  reason  for  this  grouping  is 

a  0 

obvious,  the  three  configurations  in  the  lower  group  consists  solely  of 
"clean"  geometry  configurations,  that  is,  all  of  the  component  elements 
lie  primarily  in  a  common  plane  along  the  same  axis  (125-ohm  matched 
plane  and  aluminum  tube  configurations).  The  remaining  configurations 
all  consist  of  switches  feeding  either  a  bicone  or  monocone  geometry, 
inherently  a  much  more  complex  situation.  The  differences  in  risetime 
for  these  two  groupings  at  sensor  locations  P  and  P.  can  be  attributed 

Cl  D 

to  some  extent  to  differences  in  diffraction  between  the  two  basic 

geometries  since  any  diffraction  effects  in  the  clean  geometry  cases  is 

primarily  observed  only  after  the  sensor  at  P,  is  reached.  However,  it 

1  l 

has  been  shown  in  a  detailed  analysis  of  the  TRESTLE  pulser  at  the  PTF 

that  a  more  fundamental  consideration  enters  into  this  difference.  It 

was  shown  in  the  analysis  that,  independent  of  any  diffraction  effects, 

the  simpler  and  smaller  the  output  switch  geometry  the  better  the  risetime. 

The  differences  in  risetimes  between  a  virtually  ideal  practical  switch 

such  as  used  in  the  "clean"  geometry  tests  and  a  typical  bicone  or 

monocone  was  found  to  be  approximately  a  factor  of  two. 

Another  feature  worthy  of  note  in  Figure  0-13  is  the 

rapid  risetime  degradation  in  the  "clean"  geometry  configurations  in 

going  from  sensor  location  P  to  P..  It  is  felt  that  a  virtually  complete 

D  1 

explanation  of  this  effect  lies  in  the  apparent  large  amount  of  diffraction 
occurring  at  the  output  transition/transmission  line  interface. 

1 F i sher ,  R.  TRESTLE  Pulser  Analysis  Final  Report.  B0M/A-27-75-TR,  1975- 
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Consideration  of  Figure  D- 1 3  in  detail  shows  that, 
as  far  as  risetime  is  concerned,  the  best  two  candidates  for  minimizing 
risetime  of  the  cone  geometries  studied  are  the  88-ohms  tilted  monocone 
and  the  88-ohm  vertical  monocone.  The  tilted  geometry  is  only  marginally 
superior  to  that  of  the  vertical.  The  "clean"  geometry  configurations 
were  discarded  in  this  inspection  of  the  figure  since  it  is  the  realisti¬ 
cally  applicable  switch  geometries  (cones)  that  are  of  interest  in 
selecting  the  optimum  switch  for  the  pulser. 

E.  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

1 ,  Summary 

In  summary: 

(1)  The  125-ohm  matched  plate  test  indicates  that  risetime  is 
degraded  to  17  nanoseconds  in  the  PTF  with  a  3-nanosecond 
switch  risetime. 

(2)  There  is  little  difference  In  risetime  or  waveform  pertur¬ 
bations  between  the  two  peaker  configuration  tests. 

(3)  The  monocone  risetimes  are  superior  to  that- of  the  125- 
ohm  bicone. 

(A)  The  88-ohm  monocone  tests  gave  better  risetimes  than  the 
125*ohm  monocone  tests. 

(5)  The  tilted  88-ohm  monocone  risetime  was  slightly  superior 
to  that  of  the  88-ohm  vertical  monocone.  The  evidence 
was  opposite  for  the  125-ohm  monocone. 

2 .  Conclusions  and  Recommendations 

Conclusions  and  recommendations  are: 

(1)  There  is  almost  a  zero  probability  of  measuring  a  risetime 
less  than  10  nanoseconds  in  the  PTF  working  volume  at 
positions  Pj  and  P This  limitation  is  apparently  due 

to  the  geometry  of  the  PTF. 

(2)  It  is  the  judgment  of  the  authors  that  less  than  10 
nanosecond  risetimes  in  the  Horizontal  TRESTLE  are  impossible 
to  achieve.  The  geometry  of  the  PTF  is  similar  to  that 
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of  the  Horizontal  TRESTLE.  In  addition,  the  Horizontal 
TRESTLE  has  additional  mechanisms  that  could  degrade  the 
risetime  further. 

(3)  There  is  no  apparent  advantage  in  lowering  the  peakers 
below  the  plane  of  the  bottom  of  the  output  transition. 
Simple  theory  indicates  that  lowering  the  peakers  will 
reduce  impedance  mismatch.  However,  experimental  data  at 
Pj  and  P^  shows  little  or  no  sensitivity  on  risetime  or 
other  significant  waveform  parameters  to  this  variation, 
furthermore,  a  lowering  of  peakers  is  undesirable  from  a 
corona  enhancement  consideration.  Therefore  an  approximate 
flush  mounted  peaker  configuration  is  desired. 

(i*)  The  bicone  switch  should  be  replaced  by  a  monocone  switch 
to  improve  risetime  and  to  reduce  reflections. 

(5)  The  88-ohm  monocone  is  preferred  over  a  l25-ohm  model  due 
to  superior  risetime  performance.  This  is  fortunate 
since  the  88-ohm  model  can  use  the  existing  switch  pressure 
housing. 

(6)  The  di'ference  in  risetime  between  the  vertical  and 
tilted  38-ohm  monocones  is  small.  Since  the  vertical 
cone  is  easier  to  fabricate,  it  is  preferred  over  the 
t i 1  ted  cone  model . 
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